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CHAPTER 1. GENERAL INTRODUCTION 
Dissertation Organization 
This dissertation is organized into five chapters. Chapter 1 is a literature 
review in the field of dairy herd performance measures and profitability. Chapter 2 is 
a study investigating variations in an average dairy herd and how these variations 
are related to profit score. Chapter 3 outlines the relationships of a herd performance 
measures to profit score and describes changes of the measure's regression 
coefficients after changing prices of milk, feed, and fixed costs. Chapter 4 
demonstrates relationships of changes of profit score and herd measures over a five 
year period for herds with continuously increasing profit score, for herds with 
significant positive trend, significant negative trend, and no trend in profit. The profit 
score, presented in Chapters 2, 3, and 4, was calculated in the same manner as 
described in Chapter 2 in the economic information' section. Chapter 5 presents 
general conclusions and implications for dairy producers. 
Chapters 2, 3, and 4 of this dissertation will be submitted for publication to the 
Journal of Dairy Science, and will include Dr. Marjorie A. Faust as co-author. 
Literature Review 
The Collins Dictionary of Economics (1993) defines profit as "the difference 
that arises when a firm's total revenue is greater than its total costs," and profitability 
is defined as "the profit earned by a firm in relation to the size of the firm, measured 
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in terms of total assets employed, long term capital or number of employees." In 
other words, economic profit is the difference between total revenue and total costs 
(Nicolson, 1997). Based on these definitions, specific methods to improve profit 
clearly exist. Greater profit can be attained by increased revenues, decreased costs, 
or both simultaneously. These principles apply to any business; a dairy operation is 
no exception. In the dairy business, profitability can be achieved through either 
biological performance such as milk production, or through financial performance, 
i.e. flow of funds. 
Determining the success of dairy businesses has traditionally focused on milk 
yield per cow per year because milk receipts have always accounted for up to 88% 
of all receipts, certainly, a substantial part of farmers' income (McGilliard et al., 
1990). Maximizing milk yield has therefore been the most common approach. Even if 
reproductive factors are remedied, milk yield itself does not guarantee maximum 
economic returns, unless milk production and profit, or net income, are highly 
correlated. If the correlation between these measures is low, changes in profit will 
not follow changes in milk yield, and hence, milk yield should not be used to predict 
profit. Researchers encountered varied results when examining the association 
between milk yield and profit. McGilliard (1988) reported a correlation coefficient of 
r=0.05 between profit and annual average milk yield per cow. Zweigbaum et al. 
(1989) also indicated association of milk yield and net cash income (r=0.16). On the 
other hand, Stott and DeLorenzo (1988) estimated a higher (r=0.58) correlation 
coefficient between milk yield and profit. From these results, it is clear that milk yield 
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alone is insufficient to be used as the gauge for success because gain in profit is not 
proportional to gain in milk yield (Zweigbaum et al., 1989). 
Other criteria besides milk yield should therefore be utilized to evaluate dairy 
operations' success. Income over feeding costs and profit are such measures. 
Income over feeding costs and profit evaluate dairy business success and can, at 
least partially, be controlled by the manager. It is necessary to emphasize the term 
"partially," because factors such as market forces, government regulations, 
environmental policy, export policy, and trade relations lie beyond any manager's 
control. Income over feed costs constitutes approximately 50% of total production 
costs and, therefore, does not offer the true picture of farm income. Profit, on the 
other hand, includes total production costs and should be used to assess farm 
success. 
Traditional approach to characterizing farm success 
The main source of income arises from milk sales, and therefore, farmers and 
geneticists have focused on increased milk production. Milk yield was emphasized 
as the measure for success for dairy farms because milk yield per cow is very easy 
to measure, interpret, and is related to profitability. For these reasons researchers 
focused on measuring milk yield to define the success of dairy enterprises 
(Applemann et al., 1985; Carley and Fletcher, 1986; Cassel et al., 1992; Foster et 
al., 1988; Keown, 1988; Pecsok et al., 1991), and were concerned mostly with 
identifying relevant measures—either management or reproduction efficiency 
measures—that would influence milk yield or changes in milk yield (Dias and Allaire, 
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1975; Funk et al., 1987; Louca and Legates, 1971; Olds et al., 1979; Oltenacu et al. 
1980; Smith and Legates, 1962; Schaeffer and Henderson, 1971; Smith and 
Schmidt, 1987; Williams et al., 1987). 
Appleman et al. (1985) investigated Dairy Herd Improvement Association 
(DHIA) herd summary management parameters that influenced herd averages for 
milk production. These parameters included amount grain fed, percent sires 
identified, sire PD $ value, percent cows days > 70 days, days to first breeding, 
somatic cell count, and heat detection index. These traits explained 39.3 percent 
variation for herd average milk production. Somatic cell count accounted for 40 
percent of the variation explained by these measures and was important for large 
herds but not for high producing herds. Of the reproductive performance measures 
examined, days to first breeding was important for large herds while percent cows 
dry > 70 days was important for low producing herds. 
Cassel et al. (1992) used DHIA herd records to compare management 
practices of average and high producing herds. These herds did not differ in days 
open and services per conception, but high producing herds averaged shorter days 
from calving to first breeding by 9 days. It was concluded that many management 
factors, each with small effects, caused the difference in production between the two 
groups. Carley and Fletcher (1986) estimated the effect of management practice 
combinations on average milk per cow. The results indicated that with increased milk 
yield, herd managers were more frequently using a combination of several 
management practices. 
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Foster et al. (1988) investigated the relationship between genetic and 
environmental changes in herd yield and changes in DHIA measures over time. 
They found that although improvement in milk yield develops pressure against some 
measures of reproduction, it can be diminished by improvement in management 
practices. Keown (1988) surveyed management practices to identify areas 
associated with the highest herd milk yield. Routine herd health program, heat 
detection aid, and teat dip as a means of mastitis control were associated with high 
milk yield. 
Herd measures and milk yield 
Extensive research was undertaken to estimate the impact of DHI 
performance measures on milk yield. The effect of dry period, for example, was 
consistent across many studies. Researchers established that the optimum dry 
period was between 50 and 60 days (Schaeffer and Henderson, 1972; Funk et al., 
1987). These dry periods gave the highest average milk yield in subsequent 
lactation. High-producing cows had shorter dry periods because those cows were 
milked as long as possible (Schaeffer and Henderson, 1972). On average, cows with 
overly lengthy dry periods (more than 130 days) yielded about 12 percent less milk 
per 305-day lactation (Schaeffer and Henderson, 1972). Gill and Allaire (1975) and 
Funk et al. (1987) also reported that any deviation from 50 to 60 days dry caused 
decreased milk yield, although fewer days dry (less than 50 days) caused decreased 
milk yield at a higher rate than did longer days dry (above 60 days). 
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Dias and Allaire (1975) investigated days dry in relation to lactation 
termination. A negative correlation between days dry and daily milk yield on the one 
hundredth day before the following calving indicates that as production increases, 
managers tend to terminate lactation later in multiparous cows with higher milk 
production. Dry period decreased as age of cows and calving interval increased. 
Cows in fourth and higher lactation required only 27 days dry as opposed to 65 days 
for first lactation cows (Dias and Allaire, 1982). 
Early research indicated that minimum days open was optimum because with 
each increase in days open, milk production was decreased on average by 2.4 kg of 
milk and, therefore, shorter calving intervals resulted in higher daily or annual 
production (Louca and Legates, 1971). Additional days open also increased variable 
costs while amount of milk sold decreased (Williams et al., 1987). Schaeffer and 
Henderson (1972) and Funk et al. (1987) suggested that an interval of days open of 
60 to 90 days was the best management practice without suffering any economic 
losses mediated through milk yield. Milk yield per day increased up to 100 - 120 
days open and plateaued thereafter for first- through fifth-lactation cows. The length 
of calving interval affected days dry as well. For cows with a long calving interval, i.e. 
more than 410 days, the decline in days dry was steeper than that witnessed in 
cows with short calving intervals, i.e. 365 days. Large variation in calving interval 
indicated this measure was more important to milk yield than to days dry. However, 
studies by Oltenacu et al. (1980), Schaeffer and Henderson (1972), and Smith and 
Legates (1962) considered days open in the present lactation only, whereas work by 
Funk et al. (1987) included previous and present days open and previous days dry. 
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When these intervals were fitted simultaneously there was no effect on milk yield 
across panties. 
Smith and Schmidt (1987) investigated a change of milk yield and herd 
performance measures from 1976 to 1983. From multiple regression analysis, 
changes in calving interval, days to first service, and age at first calving explained 
51 percent of variability in changes in milk yield. Regression changes indicated that 
an increase or decrease in calving interval of 0.5 month would decrease or increase 
a herd average by 29.5 kg and 17.6 kg of milk, respectively. 
Results for days open and calving interval were typically related to one 
another only by differences in gestation period. A high correlation of calving interval 
and days open (Olds et al., 1979) suggests that interpretation for one of these 
measures can be equally valid for the other. 
Milk yield and reproductive efficiency 
While previous research and genetic work focused on improving milk yield, 
reproductive performance was neglected. Researchers concluded that selection for 
improved fertility would not be worthwhile because of low heritabilities (Everett et al., 
1966; Kragelund et al. (1979); Miller et al., 1967; Schaeffer and Henderson, 1972; 
Smith and Legates, 1962) or antagonism of fertility measures to milk yield (Faust et 
al., 1988; Hansen et al., 1983; Seykora and McDaniel, 1983) at the expense of 
increase in milk yield. 
Everett et al. (1966) found genetic correlation between 120-day milk 
production and measures of fertility (services per conception, days open, days from 
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calving to first breeding, calving interval, and days form first breeding to conception) 
of approximately 0.50, but phenotypic correlations were almost zero. This was 
justified by high producing cows having a better environment for fertility than low 
producing cows. A genetic correlation for 305-day milk and calving interval of 0.50 
was estimated by Miller et al. (1967). However, it was of little importance because 
genetic variance in calving interval was a small portion of phenotypic variance. A 
significant genetic correlation between milk production and days open (Kragelund et 
al., 1979) indicated a close connection between breeding value of milk production 
and days open. Regression analysis suggested that selection only for milk yield 
would decrease fertility. Kragelund et al. (1979) also reported a heritability for days 
open and milk yield of 0.06. 
Hansen et al. (1983) reported an antagonistic genetic association between fat 
corrected milk (FCM) at 120 and 180 day yield and days from calving to first 
breeding, service period, number of services, and days open for first, second, and 
third lactation cows. For later lactation cows, the estimate of genetic correlations 
between milk yield and reproductive measures were lower than for first lactation 
cows. It was concluded that cows that had higher antagonistic correlation of milk 
yield and fertility measures did not survive earlier lactation. Phenotypic correlations 
for fertility measures were higher than genetic correlations for complete lactation 
yield across all lactations. The phenotypic correlations were higher because poor 
fertility resulted in longer lactations. On the other hand, Faust et al. (1989) reported 
that genetic correlation of days to first service and number of services had positive 
association with FCM. 
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These results came from DHIA records. However, data from control 
experiments showed different results. Seykora and McDaniel (1983) reported 
moderate and antagonistic genetic and phenotypic correlations between production 
and reproductive measures when selection was focused on milk yield. 
Conflicting studies indicate that reproductive performance either declines 
(Bar-Anan, 1985; Faust et al., 1988; Kragelund et al., 1979; Hansen et al., 1979; 
Laben et al., 1982; Matsoukas and Fairchild, 1975; Olds et al., 1979; Oltenacu et al., 
1981; Rounsaville et al., 1979; Seykora, and McDaniel, 1983; Spalding et al., 1975) 
or is not affected by increased milk yield (Foster et al., 1988; Slama, 1975; Laben et 
al., 1982; Hillers et al., 1984). Reduced reproductive efficiency decreases income 
not only from lower milk sales associated with longer calving interval, but also 
because of greater involuntary culling (Dentine et al., 1987; Dunklee et al., 1994). 
Dentine et al. (1987) and Shanks and Freeman (1979) estimated that reproductive 
problems accounted for approximately 12 percent of disposal of US Holsteins and 
for 21 percent of the direct health costs for US dairy producers. 
A negative relationship between conception rate and increased daily milk 
yield in first and later lactation cows for the first 60 days of lactation has been 
documented (Bar-Anan, 1985; Faust et al., 1988; Olds et al., 1979; Spalding et al., 
1975). Change in milk yield in the first lactation cows resulted in lower conception 
rates than the same change in milk yield for older cows. Bar-Anan (1985) also 
reported that conception rate was decreased with an additional 10-kg increase in 
milk per cow within a herd. The depression in conception rate was slightly higher for 
second and third lactation cows. Reduced conception rates and increased services 
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per conception were both consequences of increased milk production (Spalding et 
al., 1975; Olds et al., 1979). Spalding et al. (1975) reported that cows with milk yield 
more than 907 kg above herdmates were also 20.5 percent worse in first service 
conception than cows with 907 kg below herdmates. Conception rate decreased as 
herd size increased. Correlation coefficients among herds suggested that an 
operator could improve calving intervals by altering days from calving to first 
breeding and better heat detection. 
Increase in milk yields also affected length of days open and days from 
calving to first breeding (Faust et al., 1988; Kragelund et al., 1979; Marti and Funk, 
1994; Oltenacu et al., 1981; Rounsaville et al., 1979; Schaeffer and Henderson, 
1972). With an increase in milk yield the interval of days open was increased, as 
was number of days in milk (Schaeffer and Henderson, 1972; Oltenacu et al., 1981). 
An average annual genetic improvement of 45 kg of milk would increase the annual 
number of days open by approximately one day (Kragelund et al., 1979). Two major 
factors affected reproductive performance. Heat detection and conception rates 
were the primary causes of changes in days from calving to first breeding, days 
open, and calving interval. Improving heat detection from 35 to 55 percent would 
decrease almost one day from calving to first breeding and more than one day in 
calving interval for each percentage point change in heat detection (Rounsaville et 
al., 1979). 
Marti and Funk (1994) reported that within herds, the highest producing cows 
had the most days open. For each 100 kg increase in mature equivalent (ME) milk, 
days open increased 1.1 to 1.3 days. However, across herds, days open were 
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longer for high producing cows, though to a lesser degree, than for higher producing 
herds. It was concluded that reproduction management is more consistent for all 
cows in higher producing herds. Marti and Funk (1994) also concluded that based 
on heritability estimates of less than 5 percent for days open, days open is largely 
affected by environment. 
Faust et al. (1988) found that herds with higher production had longer days to 
first breeding, smaller conception rate form first breeding and larger number of 
breedings. Also, the effect of season indicated importance for reproductive 
performance. Cows calving during summer had worse reproductive performance 
than cows calving during the rest of the year. Genetic antagonism between 
reproductive performance and FCM was larger for cows calving during the period 
between April and July than during cooler months. 
A small antagonistic effect between high milk yield and reproductive efficiency 
was discovered in Holstein and Jersey 305-day lactation records that had been 
corrected for gestation (Matsoukas and Fairchild, 1975). Holstein cows required 
more services per conception and had longer calving intervals than other breeds. 
Researchers estimated that prolonged calving interval apportioned 53 percent 
of fertility-problem losses due to unsold milk (Pellisier, 1982), and that these losses 
could be decreased by 40 to 60 percent by improvement in heat detection and 
conception rates (Britt, 1985). More services per conception were also observed with 
higher milk production at 120 days postpartum, while additional days open beyond 
40 days decreased annual milk yields about 8.6 kg and decreased income over 
feeding costs about $1.18 per cow (Olds et al., 1979). It was assumed that this effect 
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was due to additional days in milk in the latter stages of lactation. Laben et al. (1975) 
reported that each 100-kg rise of milk during the first 180 days of lactation increases 
the number of days to first and last breeding, number of breedings, and days open. 
These detrimental effects on fertility were attributed to stress of increasing 
yield on reproductive performance. In the work by Faust et al. (1988), a group of 
high producing cows (>9,750 kg FCM) had high number of days from calving to first 
breeding and service per conception, and lowest conception rate at first service. 
Jones et al. (1994) reported that cows selected for milk yield incurred higher cost 
due to decreased reproduction. The additional costs accounted for over 20 percent 
of the total additional costs for the selection group. 
On the other hand, some researchers reported no difference in reproductive 
efficiency between high and low milk yield herds (Foster et al., 1988; Slama, 1975; 
Laben et al., 1982; Millers et al., 1984). 
Foster et al. (1988) analyzed average production and reproduction measures 
(average days open, days dry, services per conception, age at first calving, calving 
interval, and percent cows open >100 days) over time within herd. When herd 
environmental milk yield increased, while genetic milk yield was held constant, age 
at first calving was reduced by 0.48 month, calving interval was reduced by 0.5 
month, days dry reduced by 0.64 days, days open declined by 1.6 day, and percent 
cows open >100 days was reduced by 0.61 percent. There was also lower variability 
for percent cows open >100 days and services per conception. Services per 
conception increased by 0.08. Due to better overall management and heat detection 
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practices, however, high-yielding herds were found to have fewer days open and no 
difference in number of breedings than herds of lower average milk yield. 
Herd to herd differences in days open were attributed to difference in heat 
detection (Slama, 1975). Laben et al. (1982) also indicates that reproductive 
performance is herd-specific. In this study, high producing herds did not differ 
significantly in number of breedings from lower milk production herds. Rather, high 
milk producing herds had fewer days open than lower milk producing herds. The 
difference in days open was more than one estrus period. However, the relationship 
of reproduction and milk yield was more antagonistic as cow production increased 
within the herd. The trend across herds was attributed to excellent reproductive 
management, particularly to fewer missed heat periods. Herd size was not 
important. Hitlers et al. (1984) also did not find any influence of milk yield on percent 
of conception to first service for high producing herds (>9,981 kg). 
Results of these studies indicate that with increasing milk yield per cow, more 
management inputs will be required from the operator to maintain good reproductive 
performance in a herd. 
In addition to decreased reproductive performance, cows with high milk yield 
are likely to have higher occurrences of health disorders such as displaced 
abomasums, ketosis, milk fever, and mastitis (Bertrand et al., 1985; Dunklee et al, 
1994; Hansen, 1979; Jones et al., 1994; Shanks et al.,1978). Mastitis is the most 
serious production disease because it affects many individuals and is expensive. 
Jasper et al. (1982) estimated the cost of mastitis was approximately $182 per cow 
per year. An additional consequence of mastitis is that herds with a higher 
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percentage of infected cows are less responsive to genetic and nutritional 
improvements (Pecsok et al., 1991). 
Shanks et al. (1978) reported that during first lactation, cows with a high 
potential for milk yield had higher milk yield per lactation and higher health costs 
than cows with low potential for milk yield. The health expense difference, excluding 
semen cost, was $12.46 per cow per lactation, but the higher milk yield netted 
$45.80 more per lactation. Similarly, daughters of sires with high PTA for milk yield 
required an additional $9.69 in health costs, but earned $77.64 more net income per 
lactation than daughters of sires with average PTA for milk. 
Hansen (1979) found comparable results. The difference in health costs, 
excluding breeding costs, for the high-PTA group and control group was $10.61. 
Differences in health costs for first and later lactations for high and low genetic 
groups were $23.11 and $46.06, respectively. Increased incidence of mastitis 
accounted for most of the difference in health expense. Other researchers (Olds et 
al., 1979) found similar results. The health requirements for a group of cows 
selected for milk production and a control group were compared. The average 
difference between income over feeding cost, health care, and breeding cost over a 
period of nine consecutive years was more than three times greater for the group of 
cows selected for milk production. The increased income over feed costs for cows 
selected for milk yield compensated for the relative loss of income attributable to 
health disorders. For the high-genetics group, however, maintenance of mammary 
function accounted for almost 66 percent of that difference. 
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In the work by Jones et al. (1994), a group of cows selected for milk yield 
incurred higher expenses due to mastitis than the control group of cows. These 
expenses accounted for more than 40% of all additional expenses associated with 
the selected group of cows during first lactation. During a period of five lactations, 
the selected group of cows incurred over 80 percent more health costs than the 
control group. The majority of the difference, over 56 percent, for the total health 
costs between the selection and control groups was due to mastitis. In another 
study, health costs for daughters of sires with high PTA for milk were 21 percent 
higher than for daughters of sires with average PTA for milk yield (Bertrand et al., 
1985). 
Similarly, Dunklee et al. (1994) reported that cows with higher breeding value 
for milk yield had more mammary problems than the group with average breeding 
value for milk yield. The high breeding value group incurred 63 percent more cases 
of mastitis per lactation than the average breeding value group. Also, cows with high 
breeding value were culled more frequently for reproduction reasons as opposed to 
cows with average breeding value. 
Low genetic correlation between mastitis and milk yield (Emanuelson et al., 
1988) and higher occurrence of mastitis in high-producing cows suggests that 
problems with mastitis require improved management. However, obtaining accurate 
reports on mastitis occurrence has proven difficult. Instead, indirect measures of 
mastitis incidence have been used. The number of somatic cells, for instance, is 
closely related to mammary disorders and has a high correlation with mastitis 
(Coffey et al., 1986; Coffey et al., 1986; Emanuelson, 1988; Emanuelson et al., 
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1988). Somatic cell count has been used for its economy and for its ability to detect 
both clinical and subclinical cases of mastitis (Coffey et al., 1986; Goodger et al., 
1988). 
Milk yield and culling rate 
As a result of these reproductive and mastitis problems created through 
selection for higher milk yield, culling rates can also be affected. Culling rate consists 
of two parts: 1 ) voluntary culling - cows that are leaving the herd because they do 
not produce enough milk to pay for themselves, and 2) involuntary culling - cows that 
leave the herd because they cannot conceive or because of injury or disease. 
Voluntary culling positively influences enterprise profits because voluntarily culled 
cows are low producers and are replaced by cows with higher milk yield and better 
breeding value (Congleton and King, 1984). However, some researchers (Allaire and 
Cunningham, 1980) advocate that when replacement prices are high, culling on milk 
yield will not maximize economical return. It was suggested that approximately three 
to eight percent of voluntary culling would maximize economical return when the 
rearing costs are high. The value of voluntary culling is also influenced by the portion 
of involuntary culling (Allaire and Cunningham, 1980). High levels of involuntary 
culling indicate poor management and can be highly detrimental to profit because 
high producing and high breeding value cows can leave the herd without paying for 
themselves. Maximum turnover of cows would reduce generation intervals and 
contribute to genetic progress. 
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A study by Allaire (1981) provided evidence that maximum profit occurs when 
20 to 23 percent of the herd is replaced annually, and that five to seven percent of 
this annual rate is replaced due to fertility problems. As a general rule for voluntary 
culling, the decision to keep cows in the herd should consider opportunity costs of 
postponed replacement. When the cow's present value is higher than the mean 
value of the intended replacement, she should be retained (DeLorenzo and Thomas, 
1996). 
The rule for cow replacement cannot be followed when cows must be culled 
for involuntary reasons. Many studies reported that selection for milk yield may also 
increase the frequency of involuntary culling either because of health disorders, such 
as mastitis, or lower reproductive performance (Bertrand et al., 1985; Dentine et al., 
1987; Dunklee et al., 1994, Emanuelson et al., 1988; Hansen et al., 1983). 
Published studies by Bertrand et al. (1985) and Dunklee et al. (1994) indicate that 
reproduction was the main reason to cull cows. Out of involuntary reasons, 
reproductive problems accounted for 37 to 40 percent of the total culling rate, 
followed by mastitis which accounted for six to eight percent of the total culling rate. 
McGilliard (1990) estimated that in herds with a 22 percent involuntary culling 
rate, an additional one percent in involuntary culling would decrease net cash 
income by $3.20 and increase cash expenses by $4.15 per cow per year. Rogers et 
al. (1988) also estimated the financial value of involuntary culling. It was reported 
that lowering the involuntary culling rate by one percent per year in a 100 cow herd 
would improve net revenue from $750 to $900 per year. 
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Financial efficiency 
In practice, a dairy manager needs to be more concerned with maximizing 
profitability than with maximizing milk yield because, as previously stated, if milk 
yield is not closely correlated with income, it cannot serve as predictor for income. 
Profitability from a dairy herd represents an integration of several performance 
measures that constitute the business. In addition to increased revenues from milk 
sales, profit can be maximized by minimizing production expenses. These expenses 
can account for up to 82 percent of milk receipts (McGilliard et al., 1990). Such a 
large proportion of receipts suggest that when prices of inputs fluctuate, profit 
maximization cannot be defined solely by milk sales. Bertrand et al. (1985) 
concluded that if higher production is to be beneficial, higher health and feed costs 
must be offset by revenues obtained from increased milk production. In other words, 
the percentage of realized profit should be equal to or greater than increased milk 
production. However, when a herd's production expenses are higher than income 
from increased milk sales, the operator will suffer financial loss. 
In past research, income over feed cost and income per operator profit were 
used as indicators of financial efficiency. Feed cost captures approximately 40-60% 
of the expenses for milk production (Andrus and McGilliard, 1975; Smith, 1976), and 
therefore, variability in feed cost explains only partial variability in total income. On 
the other hand, profit, or net income, measures characteristics important for total 
production besides milk production alone and, therefore, offers an optimum method 
for defining economic success. 
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Effect of herd measures on economic efficiency 
Some researchers attempted to assess the effect of herd performance 
management, reproductive, and business measures on economic efficiency (Andrus 
and McGilliard, 1975; Balaine et al., 1981; Gill and Allaire, 1976; Holman et al., 
1984; Jones et al., 1994; Lin and Allaire, 1977; McGilliard et al., 1990; Null, 1977; 
Olds et al., 1979; Pearson, 1979; Reyes et al., 1981; Schmidt and Pritchard, 1987; 
Schmidt, 1988; Tigges et al., 1984; Zweigbaum, 1989). The economic efficiency was 
measured as an income overfeeding cost, income per operator or profit. 
Lin and Allaire (1977) suggested that incorporating other performance 
measures, such as calving interval, into profit analysis in addition to milk yield would 
improve estimates of economic returns. Balaine et al. (1981) and Tigges et al. 
(1984) observed that total income, value of product, value of milk, fat, protein, feed 
costs, mastitis treatment, days of herd life, number of calvings, age at first calving 
and breeding costs were each useful as predictors of net profit. Gill and Allaire 
(1976) concluded that cows with high milk yield and reproductive efficiency have 
greater profit per cow than cows with only high milk production. 
A study by Olds et al. (1979) determined that a calving interval exceeding the 
commonly recommended 12 months caused economic losses. This economic loss 
was attributed primarily to expected losses of income over feed cost, decreased milk 
per day of life and fewer calves for female replacements. Highest income per 
operator per year was shown when calving intervals were less than 13.5 months, but 
longer than 12 months, and when age at first calving was less than 27 months (Null, 
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1977). Gill and Allaire (1976) determined that maximum profit per day was obtained 
from an age at calving of 25 months, 124 days open, and 42 days dry. 
Holman et al. (1984) reported that an extended calving interval did not 
necessarily penalize producers. Rather, there was a benefit of $0.21 to $0.40 per 
day in income over feed costs for extending calving interval from 12 to 13 months. If 
the extension was beyond 13 months, however, there were additional costs ranging 
from $0.04 to $0.23 per day. Reyes et al. (1981) reported that income over feed 
costs were the same for 13 and 15 month calving intervals. Schmidt (1988) 
suggested that cows with the same genetic potential do not have to provide highest 
income over feed costs if they are fed according to daily milk yield and have the 
same number of days dry. Income over feed cost with a calving interval of 13 
months was almost the same under different production levels, milk prices, feed 
costs, and culling strategies. 
The size of profit is also affected through production costs. The impact of 
production expenses was evaluated by Andrus and McGilliard, (1975); Balaine et al., 
(1981); McGilliard et al., (1990); Zweigbaum et al., (1989); Pecsok et al., (1991) 
Zweigbaum et al. (1989) indicated that production did not define net cash 
income per cow and was not as predictive of net cash income per cow as were 
several individual expenses. Among others, these individual expenses included the 
use of any estrus detection type aid, which reduced days open by 11 days and 
increased net cash income by $147 per cow, and health program, which increased 
milk yield by 448 kg and net cash income by $152 per cow per year. The work of 
Williams et al. (1987) demonstrated the importance of business and herd 
21 
management measures to the variable costs of producing milk on 406 dairy herds. 
Variables related to production costs per 45.4 kg of milk were concentrates fed per 
cow per year, days open, fat test, percent cows culled, percentage days in milk, age 
at first calving number of cows in herd, and capital investment per cow. These 
researchers concluded that, although milk sold per cow showed significant 
correlation with production costs per 45.4 kg of milk, most of the effect of the 
management variables on production costs of milk was indirectly mediated through 
milk production per cow. 
McGilllard et al. (1990) identified percentage days in milk, days open, days 
dry, services per conception, percent cows culled, percent cows culled for 
involuntary reasons, average age of cows, percent cows with somatic cells count 
400,000 to 800,000, and percent cows with somatic cell count > 800,000 as 
important to profit. Services per conception and percent of cows culled influenced 
net cash income per cow per year within herd through changes in expenses rather 
that receipts. A decrease of 0.1 service per conception and one percent cows culled 
would increase net cash income $7.70 and $3.20 per cow per year, respectively. An 
additional 0.1 service per conception was associated with an additional 19.6 kg of 
milk, although the increase in services per conception was rather a function of milk 
yield because additional services per conception reduced net cash income per cow 
per year. This change was on a within-herds basis, however. 
Pecsok et al. (1991) estimated on Minnesota Holstein herds that one less 
infected cow with mastitis in a 100 cow herd fed high grain that has high genetics 
would bring an additional $6.72 to $8.97 per year per cow in extra milk revenue with 
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no increase in feed costs. Andrus and McGilliard (1975) and Balaine et al. (1981) 
used cow data to predict profit per cow per year. Herd performance traits were used 
as independent variables for regression analysis. Among others, milk yield was the 
most important trait followed by cases of mastitis. Mastitis cases were a negative 
factor to profit and were 59% as important as milk production. 
The preceding studies (Andrus and McGilliard, 1975; Balaine et al., 1981; 
McGilliard et al., 1990; Zweigbaum et al., 1989; Pecsok et al., 1991) indicate that 
profitability, or net income, is the best criterion by which to evaluate business 
success. It includes all costs associated with production. Profit, or net income, can 
be increased by either increased milk production or increased efficiency in 
production. From the perspective of increased efficiency, dairy managers are 
required to know not only what is profitable but also what is most profitable. 
Managing a dairy business involves decisions pertaining to many different practices 
and procedures. The effect of an individual practice on income is important, but of 
even greater concern is the combined effect of the multitude of factors that make up 
the business. 
The objectives of the research in this dissertation were to determine: 
1) the largest variability among herds that is not readily observable from DHIA 
records, 
2) the relationship of DHIA production measures to profit score, 
3) whether managers can increase or decrease herd measures without financial 
penalties; and where managers should focus their management efforts when the 
market price of milk, feed, and fixed cost change, and 
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4) whether changes in herd measures over time produce a change in profit and 
how; what practices managers of the most profitable dairies use to increase 
profit; and, on the other hand, what measures, or management areas, the worst 
herds should improve. 
This study utilizes the 'among herds' basis, which is different from the majority of 
previous studies. First, any research including individual cow records, or per cow 
basis, considers only a small portion of variation within the particular herd or herds 
involved, and as such, this research is independent of management. Studies derived 
from across herd basis, however, consider a complete range of different production 
environments. DHIA averages confound management practices, and therefore, 
account for a larger portion of variability. Azzam et al. (1989) analyzed the implicit 
economical value of DHIA information by management strategy. They reported that 
the extent of economical contribution is influenced by management strategy on the 
farm. Also, any observable changes in production measures over time within a herd 
are achieved and visible during relatively short period of time. However, for changes 
to be seen across herds they must be achieved by many herds. 
This research has specifically focused on the production element of the dairy 
business to indicate the variability in dairy production among herds. Therefore, 
estimated profit score includes values associated only with production. For example, 
adjustments in inventories, access to future markets to obtain cheaper feed, or 
utilization of financial records were excluded. This research emphasizes dairy 
operators as herdpersons, not as business persons. 
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CHAPTER 2. PRIORITIZING DAIRY HERD PERFORMANCE MEASURES 
FOR ENTERPRISE PROFITABILITY 
A paper to be submitted to the Journal of Dairy Science 
M. Lunak and M. A. Faust 
Abstract 
The objectives of this research were to describe variability of DHIA herd 
performance measures by a limited number of factors and to determine the 
variability in profit score explained by these factors by using Principle Component 
and Factor analyses Two data sets were studied; these included DHIA performance 
for 6,250 and 5,404 Holstein herds in Wisconsin that were processed during different 
seasons. Profit score was calculated as the difference between estimated income 
and costs. For each data set, five subsets that differed for rolling herd average milk 
were created (<5448, 5448-6810, 6810-7718, 7718-9080, and >9080 kg); subsets 
were analyzed separately and used different input costs because dairies with 
different RHA tend to have different levels of input. Fourteen herd performance 
measures associated with profitability were used for principal component analysis 
that yielded two important components of primarily reproductive measures and three 
components of overall management measures. Measures that comprised these five 
components were used for factor analysis. Of the variability described by measures 
of reproduction in all subsets from data set 1, calving interval, days open, and 
percent cows open >120 days accounted for 31-45% of variability; services per 
conception and percent cows bred >3 times, 33-38%; and percent cows dry >70 
days and percent dry <40 days were least important, 21-26% of variability. For data 
35 
set 2, calving interval, days open, percent cows open >120 days, services per 
conception, and percent cows bred >3 times were most important, 70-77%; percent 
cows dry >70 days and percent dry <40 days were relatively least important and 
accounted for 21-30% of the variability. Of the variability described by measures of 
general herd management in all subsets for data sets 1 and 2, percent cows with 
SCS 4-5 and percent with SCS >5 were most important, accounting for 31-41%; 
culling rate and percent cows in first lactation, 24-35%; and days in milk and age at 
first calving were relatively least important, 22-30% of variability. Variability for RHA 
was large for the highest production subset in both sets of data, consequently for 
these subsets; one additional factor for rolling herd average was identified (21% of 
variation). Important principal components used in regression analysis explained as 
much as 96% of the variability in profit score for all subsets. Findings suggest that 
reproductive performance and milk quality account for large proportions of variability 
among dairy herds with similar milk production. Principle components and factor 
analysis may be appropriate methods for studying management DHIA data because 
variables in these data sets are correlated. 
Introduction 
Effective use of DHIA herd records to determine strengths and weaknesses of 
herd management depends on interpretation of data provided. However, the large 
volume of data provided by DHIA makes it difficult for many herd owners and 
managers to use the data effectively for management and decision making. Principal 
component (PCA) and factor analyses (FA) have been applied in many scientific 
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disciplines in an attempt to simplify data interpretation. Applications in animal 
science confirm the usefulness of this analytical approach, and for these, scientists 
have used PCA and FA to reduce the number of variables and explain the total 
variance by a limited number of unrelated factors. For example, Stallcup et al. 
(1981) used principal component and factor analysis to summarize the nutritive 
characteristics of forages for interpretation of data stored in the forage analytical 
data bank. Zamiecki et al. (1985) used principal component analysis to reduce the 
number of factors used to explain the total variance of disease frequency data in 
Norwegian Red cattle. These workers consolidated 24 variables to seven with 
negligible loss of information. Sieber et al. (1987) selected principal components and 
factor analysis over traditional multiple regression analyses to clarify the relationship 
of type traits to herd life and production variables because many of these 
explanatory variables are correlated. Multiple regression was then used to explain 
herd life and production variables using the resulting factors (Sieber at al., 1987). 
These authors argued that by using more traditional multiple regression analysis 
when associations between traits exist, inaccurate interpretation of regression 
coefficients can result. Similarly, Enevoldsen et al. (1996) described dairy herd 
management indicators that are related to health, reproduction and milk production 
by using two stage factor analysis. These workers also used multiple regression 
analyses to determine relationships of these factors to milk production. 
Principal component and factor analyses are powerful methodologies for 
analyzing data when correlated variables impose difficulties for interpreting ordinary 
least squares analysis results (Sieber et al., 1987; Stallcup et al., 1981; Zamiecki et 
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al., 1985), and it is expected that PCA and FA can be useful for evaluating, 
describing, and interpreting DHIA data for farm management use. 
This study was designed to identify important variability sources other than 
RHA for dairy herd performance. Principle components and factor analysis were 
chosen in order to simplify the large number of related variables reported by DHIA 
and to identify DHIA performance measures that are independent. These goals 
could not be achieved when using more traditional statistical methods, because 
DHIA data typically include a large number of correlated variables. Specific 
objectives of this study were: 
1) to determine whether the important variation in DHIA herd measures can 
be described by a limited number of factors, and 
2) to determine the importance of these factors as indicators of farm 
profitability. 
Materials and Methods 
Data 
Data used in this study were DHIA herd summaries from Holstein herds 
collected by AgSource, Verona, Wisconsin. Data set 1 included records collected 
during August, 1995 (9,851 herds) and records collected during January, 1996 
(10,263 herds) comprised data set 2. 
Herds that deviate substantially from reasonable values may provide 
unwanted bias for analyses, thus data were edited to exclude potentially biasing 
records. Herds with a rolling herd average for milk yield (RHA) of less than 4540 kg, 
38 
fewer than 25 milking cows, and a reported value for milk of less than $9 per 45.4 kg 
were excluded from all calculations. Records that had days dry, age at first calving, 
days open, calving interval, and days in milk of 0.0 were eliminated also. Herds that 
reported services per conception of 1.0 or fewer were deleted form further analyses, 
because it was assumed that these herds reported only successful breedings. These 
data edits eliminated 30 to 50 percent of the original observations. 
Individual data sets were divided into subsets according to RHA (Table 1). 
The data subsets were defined as herds producing less than 5448 kg, 5448 - 6810 
kg, 6810 - 7710 kg, 7718 - 9080 kg, and more than 9080 kg of milk per cow per 
year. By creating these data subsets, different input prices for different milk yield 
levels and management conditions were taken into consideration in order to account 
for differences in input levels for herds that differ in yield (Table 2). Also, by creating 
separate production subsets it was possible to compare variability in DHIA measures 
within different herd production levels. 
Fourteen herd performance measures that were assumed to be associated 
with profitability were used for analysis. Rolling herd average, services per 
conception, calving interval, days open, age at first calving and days in milk were 
derived directly from DHIA herd data. The measures of percentages of cows open > 
120 days, in first lactation, bred > 3 times, dry > 70 days, dry < 40 days, with SCS 4 -
5, with SCS > 5, and cows culled were calculated as the number of cows for the 
measure divided by the total number of cows in the herd multiplied by 100. 
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Economic Information 
Profit score per cow per year was estimated for herds in the data set by using 
available DHIA information and prices for Wisconsin dairy herds derived from 
Wisconsin Dairy Cow Expenses (Wisconsin Dairy Cow Expenses, 1995). 
Adjustments for changes in capital items, such as inventory and depreciation, were 
not included. Revenues included income from milk sales and cull cows. Data for 
income from calf sales were not available. Income from milk sales was calculated as 
average milk yield per cow (RHA) times herd average milk price reported on DHIA. 
Income from culled cows was calculated as an average bodyweight of 568 kg 
multiplied by $0.92/kg times culling rate. 
Production costs included variable costs for feed and livestock. Feed costs 
were estimated by accounting for the costs for energy and protein required for a 
given stage of lactation and production. Energy and protein needs were estimated 
using formulae in Nutrient Requirement of Dairy Cattle (NRC, 1989). Energy costs in 
diets were estimated by determining equivalent costs for net energy (NEL, NEM) 
from shelled com priced at $2.50 per 27.24 kg ($0,052 per Meal). A comparable 
method was used to estimate ration costs for protein by determining the equivalent 
amount and cost for 44% soybean meal ($220 per 908 kg) required ($0,061 per 
gram CP). 
Breeding costs were calculated as the annual number of services per 
conception multiplied by the price of semen (Table 2). Hauling costs were $0.55 per 
45.4 kg of milk. Costs for replacement heifers were computed as annual rates of 
culling multiplied by average costs of $1,628.82 for heifers. An additional $69.93 was 
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added to the heifer price for each month exceeding 24 months of age at first calving 
(Iowa Heifer Budget, 1995). Operating interest was based on 11% interest charged 
for operating expenses for an average of three months annually, to account for 
investments in feed, breeding, milk hauling, and replacements (Wisconsin Dairy Cow 
Expenses, 1995). Fixed costs included depreciation and interest for facilities, 
equipment and machinery, repairs, insurance, and taxes (Table 2). It was assumed 
that prices for feed, breeding, unpaid labor, miscellaneous, and fixed costs were 
different for herds with different RHA levels. Therefore, five different sets of prices 
were defined and used for herds in respective subsets of data. We recognize that 
this introduces a correlation between RHA and production costs; however, these 
differences were included because we feel that they reflect input decisions made by 
dairy herd owners 
Profit score was calculated as the difference between overall income and 
variable and fixed costs (Faust and Strawn, 1995). The profit score should be 
viewed as an index to estimate profit per cow per year because individual farm data 
to assess income and expenses were not available. 
Statistical analyses 
To describe variation in the data set, principal component analysis (PCA) 
followed by factor analysis (FA) were carried out by using SAS (SAS, 1990). The 
primary goal for using PCA and FA was to reduce the large number of DHIA 
variables to a smaller number of factors with negligible loss of information. Principal 
component analysis was used as a first stage solution in order to reduce the number 
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of variables studied by extracting the maximum variance from the data through the 
identification of a few orthogonal components. In PCA, the first principal component 
(PC) is a combination of variables that explains the greatest amount of variation; it is 
a linear combination of observed variables that separates subjects by maximizing 
the variance of their component scores. Subsequent PCs are estimated by 
extracting maximum variability from residual correlations and are orthogonal to 
previously extracted components (Tabachnick and Fidell, 2001). 
Fourteen independent DHIA measures were used for PCA to evaluate the five 
production subsets in each of the individual data sets. Eigenvalues and eigenvectors 
were extracted from correlation matrices for each subset. In PCA, eigenvalues 
represent variance, which corresponds to the equivalent number of variables that the 
component represents (Tabachnick and Fidel, 1983; Kachigan, 1982), Thus, an 
eigenvalue of 4.5 indicates that the associated principal component represents as 
much variance as 4.5 original input variables. Principal components with 
eigenvalues that exceeded 1.0 were retained for further analysis because these PC 
contained more information about variation than one original input variable. 
Factor analysis was performed using PC retained from the previously 
described PCA so that the resulting factors explained the newly redistributed 
variance among PC. Factors are characterized by factor loadings which represent 
the degree of relationship of variables to factors (Enevoldsen, 1996). In this study, 
factor loadings that were larger than 0.5 were used to relate explanatory variables to 
factors. 
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Factor analysis identifies unobserved factors within principal components by 
extracting the variance that each observed variable shares with other observed 
variables (Tabachnick and Fidell, 1983; Tabachnik and Fidell, 2001). The major 
difference between FA and PCA is that PCA optimizes diagonal elements in the 
correlation matrix, thus all variance in the data, including unique and error variance 
for each observed variable, is distributed to components. However, FA optimizes off-
diagonal elements in the correlation matrix. Unique and error variance are ignored 
and only covariance is considered for FA. 
For the current study the vanmax, or variance maximizing rotation method 
was used so that rotated factors obtained a clear pattern of loadings (SAS, Kachigan 
1982). The yanmax rotation method identifies resulting factors in orthogonal 
relationship. The purpose of rotation was to redistribute the variance of the retained 
factors so that they are easier to interpret. Factor rotation does not cause any 
change in the number of factors or in the total variance explained; rotation 
maximizes the independence of different factors. (Fahey et al., 2002; Kachigan 
1982). 
Interpretation and naming of factors are subjective and depend on the 
perceived purpose of the combination of variables that have high loading to each 
factor. Interpretation of factors is more straightforward when several variables 
correlate highly with the factor (Tabachnick and Fidell, 2001 ). Resulting factors 
would identify independent management areas and large performance characteristic 
differences among herds would indicate opportunities for improvement in 
management strategy. 
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In addition, to determine the degree of variability in profit score explained by 
principle components, multiple regression analyses were performed (Jolliffe, 1986). 
The advantage of using PC in multiple regression analyses rather than herd 
measures to explain profit score is that PC are totally uncorrected which eliminates 
problems with multicollinearity, and regression calculations are simplified (Jolliffe, 
1986). Quantifying the contributions of the original explanatory variables in the 
resulting principal component regression model, however, remains a difficult task 
because the variables contribute differentially to the principal components, which in 
turn contribute differentially to model predictions of the response variable. 
Therefore, the size of the regression coefficients derived from the regression 
analysis was not of an interest. Rather, concentration was on the sign of the 
regression coefficients and the coefficient of determination. For the regression 
analyses, estimated profit scores for herds were dependent variables, independent 
variables were calculated for herds as the sum of products of eigenvectors times the 
respective DHIA measure (Equation 1). 
PCf = + evzMz +...+ 
PC 74 = eVf/Wf + ei/zMz +...+ ey„M„; 
Equation. Calculation of principal components as independent variables for 
regression analysis. The coefficients ey,, ey&.. .,ey„ are eigenvectors associated 
with respective DHIA measures within PC, and +...+ are individual herd 
measures for DHIA variables (n=14). 
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Principal components that were important predictors of variability for profit 
score (P<0.05) were retained for the regression analysis (Jolliffe, 1986). 
Results and Discussion 
Means and standard deviations for herd performance measures studied are in 
Tables 3 and 4 for data sets one and two, respectively. Although collected during 
different seasons, means for all measures are similar for the two data sets. This 
similarity between the data sets could be caused by the fact that many of the herd 
measures are rolling averages and the two sets contained many of the same herds. 
Means for days in milk, calving interval, and days open (Tables 3 and 4) were larger 
than averages for these measures reported by the National Animal Health 
Monitoring System (1996). Mean days in milk for both data sets (344 and 342 days) 
are large and suggest that on average, few cows in these herds are in early lactation 
or that a few cows with very large DIM are skewing herd means for this variable. On 
the other hand, means for services per conception are low (1.76 and 1.81 for data 
set 1 and 2, respectively) when considered in the context of the corresponding 
means for calving intervals (407 and 410 days for data set 1 and 2, respectively). 
Other reports indicate higher average services per conception (Smith, 1990; MN 
DHIA, 2003). Inconsistent reporting by farms of data such as breedings may explain 
some of these discrepancies between means for reproductive variables. More 
services per conception and percent cows bred > 3 times with shorter calving 
intervals for highest RHA subsets (Appendix A, Tables 1 and 2) may suggest more 
complete reporting of breedings for these herds. 
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Correlation coefficients of profit score and DHIA herd measures are in Table 
5. Coefficients for data sets 1 and 2 are above and below the diagonal, respectively. 
Three herd measures were positively associated with profit score in both data sets 
and these were RHA, services per conception, and percent cows bred >3x. The 
largest positive significant correlation between profit score and herd measures was 
for RHA (Table 5). Such large correlations should be anticipated because income 
from milk sales constitutes the largest portion of overall farm income for an average 
dairy operation. Percent cows bred > 3 times and services per conception were 
marginally associated with profit score in data set 1 only (Table 5). Most of the herd 
measures analyzed were associated negatively with profit score. In both data sets, 
percent cows culled and age at first calving exhibited the largest negative 
correlation, followed by cows dry > 70 d and cows with SCS > 5 (Table 5). 
Associations between individual herd measures were largest for calving 
interval and days open (r=0.94 and 0.95 for data set 1 and 2, respectively), services 
per conception and cows bred >3x (r=0.75 and 0.86 for data set 1 and 2, 
respectively), and calving interval and cows open >120 d (r=0.69 and 0.83 for data 
set 1 and 2, respectively). Days in milk and cows dry >70 days had a negative 
association (r= -0.53 and -0.50 for data set 1 and 2, respectively; Table 5). 
Principal Component analyses results 
Principal component analysis yielded five principal components with 
eigenvalues greater than 1.0 for all data subsets (Tables 6 and 7). Components with 
eigenvalues of less than one usually are considered as random variation (Sieber et 
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al., 1987) because they contain less information than an original input variable. In 
total, these five components explained 65 to 69% of total variation in data set 1, and 
71 to 75% of total variation in data set 2 (Tables 6 and 7). 
In data sets 1 and 2 the first two PC (PC1 and PC2) out of the five important 
PC that were retained comprised primarily reproductive measures and accounted for 
36 to 41% and 45 to 48% of total variation in subsets, respectively (Tables 6 and 7). 
The PC1 and PC2 included four original DHIA variables. The first reproductive 
component (PC1) in all subsets accounted for 18 to 35% of the total variation, and 
included the original variables: number of services per conception, calving interval, 
percent of cows open >120 d, and percent of cows bred >3 times. The second 
component (PC2) also included services per conception, percent of cows bred >3 
times, percent of cows dry <40 days and DIM. The PC2 accounted for 12 to 18% of 
the total variation in all subsets (Tables 6 and 7). 
Three other important principal components described general herd 
management measures (PC3, PC4, PC5). For all subsets, these PCs explained 
approximately 30% of total variation (Tables 6 and 7). All of these PCs included the 
original variables: percent of cows dry < 40 d, percent dry > 70 d, percent with SCS 
4-5, and with SCS > 5. In addition, PC4 contained DIM and RHA, and PC5 
contained culling rate and percent of cows in first lactation. 
Factor analyses results 
Results from factor analyses for subsets from data sets 1 and 2 are in tables 
8 and 9. All fourteen herd measures used in the current analysis contributed to the 
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five important PCs. Proportion of variability described by the five factors was very 
similar across subsets and across data sets. In all subsets, the first two components 
comprised primarily reproductive measures and the other three important principal 
components included herd management measures. Uniform patterns for variability 
across all subsets and data sets in the current analyses suggest that large variability 
exists among herds for important management areas regardless of herd milk yield. 
The FA yielded three factors related to length of lactations for data set 1 
(Table 8) and two factors for data set 2 (Table 9). However, one of the factors 
defined in data set 2 merely was the combined effect of two separate factors 
identified in data set 1. For data set 1, the first factor described 38 to 45% of 
lactation length variation among RHA subgroups; the smallest variability described 
was for the subsets, 5,448-6,810 kg and 6,810-7,718 kg, and the largest for the < 
5,448 kg and > 9,080 kg milk yield subsets (Table 8). Variables in this factor were 
percent of cows open > 120 d, calving interval, and days open. Although Pellisier 
(1982) used different methods, this worker reported similarly that the variability 
between herds in California for days open and calving interval was large. 
In data set 1, services per conception and percent cows bred >3 times were 
included in the second lactation length factor, that described 32 to 38% of variability. 
The factor that described the smallest percentage of length of lactation related 
variability included percent cows dry > 70 d and percent cows dry < 40 d. The 
relatively small level of variability among factors described by factor 3 suggests that 
these variables offer the smallest opportunity for management changes among 
herds in subgroups. Relatively similar variation within all subsets tends to indicates 
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that this factor is somewhat consistent across production groups. However, the 
relatively large proportion of variation explained by factor 1 suggests that these 
reproductive measures may offer the greatest opportunity for management changes 
among lactation length related variables (Tables 8 and 9). 
For data set 2, the first factor included all original DHIA reproductive variables 
that were in factors 1 and 2 from data set 1. This single factor in data set 2 
accounted for approximately the same amount of variability described by factors 1 
and 2 in data set 1, namely 70% of variation for lactation length principal 
components (Table 9). Different seasons, inconsistent reporting of herd data, and 
possibly different herds in data set 1 and 2 may result in slight difference among 
herds for factors. The second factor in data set 2 accounted for essentially the same 
amount of variation in length of lactation components for all subsets from data set 1 
and 2. It is notable that for all subsets in data sets 1 and 2, at least 7% of variability 
for lactation length associated variation was accounted for by differences in 
reproductive variables (Tables 8 and 9). 
Services per conception and days open have been used to evaluate 
reproductive efficiency in dairy herds (Kragelund et al., 1979; Emanuelson et al., 
1998). The period from calving to first breeding is a measure that is related to days 
open and can be influenced greatly by the herd manager. In data sets 1 and 2, 
calving interval, days open and percent cows open > 120 d constituted the first factor 
for all production subsets, thus these variables accounted for the largest amount of 
variability among these DHIA herds. In a study completed by Enevoldsen et al. 
(1996) 22 herd and production measures were consolidated into ten (first order FA) 
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and then five factors (second order FA) which were rotated to simplify the factor 
structure. Peak production, persistency variability, and reproduction efficiency 
measures constituted the primary, secondary and tertiary factors in the first order 
FA. Vanmax factor rotation was used for second order factor analysis but it did not 
meet specified criteria. Instead, Enevoldsen et al. (1996) used oblique factor rotation 
(pmmax). Reproduction efficiency, consisting of calving interval, age at first calving, 
cattle sales, and herd size constituted their first factor of the second order FA. 
On the other hand, Fahey et al. (2002) studied associations between dairy 
herd management indicators in 32 herds. First and second order factor analysis 
were used to consolidate fifty variables into a smaller set of factors. The first order 
FA in their work produced 13 factors accounting for 83% of the total variance. These 
factors were subjected to second order factor analysis producing 4 factors. However, 
these factors were not interpretable and, instead, yanmax rotation of the first order 
factors was used (Fahey et al., 2002). Of measures related to herd management, 
milk yield was identified by Factor 2, herd size by Factor 3, somatic cell count by 
Factor 9 and replacement rate by factors 10 and 11. It is notable that in the study by 
Enevoldsen et al. (1996) indices of reproductive efficiency, calf health, and 
production were grouped in a single factor while they remained separate in Fahey et 
al. (2002). The type of factor rotation used by Enevoldsen et al. (1996) does not 
result in factors that are orthogonal, thus it is possible that different rotation methods 
group variables differently. Additional differences in grouping variables could be 
caused by using different breeds, data collection, and management systems. 
Enevoldsen et al. (1996) used Jerseys, crossbreeds, Danish Reds Breed and 
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Danish Friesians, while Fahey et al. (2002) used Irish herd data recorded over 8 
year period. Our study used only Holstein herds and data collected during different 
seasons in a single year. 
For components that included primarily general herd management in our 
study, three factors were common to all data subsets. In addition, one factor was 
specific for the highest producing herds (Tables 8 and 9). 
For all data subsets, one factor (factor 4 in data set 1 and factor 3 in data set 
2) included percent of cows with SCS 4-5 and percent with SCS > 5, and accounted 
for the largest amount of variability for general management related effects (31 to 
41%; Tables 8 and 9). The smallest amount of variability described by this factor 
was for highest producing herds (RHA >9,080 kg). High levels of somatic cells are 
indicative of mammary infections (Coffey et al., 1986; Coffey et al., 1986; 
Emanuelson, 1988; Emanuelson et al., 1988), and large variability for this factor 
indicates that there is ample opportunity for some herds to improve management for 
milk quality. 
Cull rate and percent cows in first lactation constituted a second factor (factor 
5 in data set 1 and factor 4 in data set 2) related to general herd management and 
could indicate herd replacement policy. Variation explained by this factor was similar 
for different data subsets and ranged from 24% for the highest RHA group to 33% 
for the lowest RHA group in data sets 1 and 2 (Tables 8 and 9). Interestingly, the 
correlation between percent cows culled and percent cows in first lactation was 
approximately 0.30 in both data sets (Table 5). However through FA, these two 
measures constituted one factor. 
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For the highest production subset, >9080 kg milk, an additional factor that 
included only RHA was identified (factor 7 in data set 1 and factor 6 in data set 2). 
This RHA factor accounted for 21% of variability for general management effects in 
this subset (Tables 8 and 9). It is likely that the identification of this was due to the 
large variation in milk yield among herds in this subset. In fact, range in RHA for the 
>9080 kg subset was 9,080 to 14,400 kg of milk, or more than three times the range 
for other RHA subsets. Identification of this additional factor resulted in the lower 
percentages of variation explained by other general management factors for this 
highest RHA subset (Tables 8 and 9). Fahey at al. (2002) also reported milk yield as 
a single factor even though the range in milk yield across herds was smaller (3,000 
kg per lactation) in their data than range for the highest production subset in this 
study. 
As computed in this study, principal components and factors within PCs are 
orthogonal implying that factors are independent. Origins or causes for variability in 
herd measures for the first component or factor can be different from cause for 
variability for the second components or factors, and also, these causes can vary 
among herds and milk yield levels. On the other hand, herd measures that are 
grouped into the same factor are correlated. For example for variables in factor 1, 
correlations of percent cows open > 120 d with days open and calving interval 
ranged from 0.70 to 0.89 for data sets 1 and 2, respectively (Table 5). For factor 2, 
number of services per conception and percent cows bred > 3 times were highly 
correlated, also (r = 0.75 for data set 1 and 0.86 for data set 2). Because different 
reproductive variables were included in different factors in data set 1, this implies 
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that variability for percent cows open > 120 d influences days open and calving 
interval and that these variables are independent of variability among herds for 
percent cows bred > 3 times, number of services per conception (factor 2), and 
measures in factor three - percent cows dry > 70 d and percent dry < 40 d. 
Relationships between lactation length variables were somewhat different in data set 
2 as evidenced by the identification of a single factor that included all variables in 
factors 1 and 2 from data set 1. Correlation coefficients between measures within 
factors and the large amount of variation explained by these few factors in both data 
sets and all subgroups suggest that lactation length variables in factors 1 and 2 are 
key areas for improving dairy management. Other key areas for management 
changes that were identified by PCA and FA are milk quality and herd replacement 
policy. 
Regression analyses results 
Regression analysis was used to explain profit score using results from PCA. 
Initially, all 14 principal components were used in the analysis, however only the 
components that were significantly associated with profit score (P<0.05) were 
retained for further analysis (Table 10) (Jolliffe, 1986, Jackson, 1991). Because the 
PCs are uncorrected, regression analyses results remain unchanged when some of 
the PCs are omitted (Jackson, 1991). Not surprisingly, when unimportant PCs were 
eliminated as predictor variables, coefficients of determination did not improve 
appreciably - about one percentage point. 
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Principal components explained a significant proportion of variability for profit 
score (Table 11) for all data subsets and data sets. Coefficients of determination for 
profit score models ranged from 0.75 (for second highest production subset, data set 
2) to 0.96 for the lowest production subset in data set 2. The PC 12 - PC 14 
constituted the smallest proportions of variability among herds in PCA and in 
general, were unimportant for profit score. 
Most of the regression coefficients for the first five important PCs (Eigenvalue 
> 1) indicated negative effects for profit score (Appendix A, Tables 3 and 4). Of the 
five PC that were important for PCA, regression coefficients were not important for 
PC 3 and 5 for the lowest milk yield subset, and for PC 2 for the highest milk yield 
sub set in data set 1 only (Appendix A, Tables 3 and 4). Even though these PC 
accounted for a large proportion of variation within the multivariate space, they are 
not related to profit score for herds in these specific production levels - and so, they 
may not be the first priority for improving management and profit on the dairies. 
Enevoldsen et al. (1996) and Fahey et al. (2002) used linear models to 
identify relationships between factor scores and total milk production (Enevoldsen et 
al., 1996) and calving rate (Fahey et al., 2002) and factor scores. The factor labeled 
herd size explained more than 93% of the total variation in total milk production 
(Enevoldsen et al., 1996) and calving rate explained 40% of the total variation in 
factor scores (Fahey et al., 2002). Herd size was not considered in our study; 
instead profit score, as an indicator of the profitability of herd management but not 
financial management, was represented on a dollar per cow basis so as to be a size-
independent measure. The large coefficients of determination produced by multiple 
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regression analysis in our study suggest that PC can adequately explain profit score 
when original variables are correlated to varying degrees. 
These findings demonstrate that principal components can be useful tools for 
predicting variability in profit score. 
Summary and Conclusions 
This study was based on DHIA records which are non-experimental data and 
as such, results should be regarded as descriptive and without causal relationship. 
The statistical procedures used were intended to describe variability within the data 
sets by using fewer, and more descriptive measures while retaining most of the 
original information. 
There are two important outcomes. First, reproductive performance measures 
described largest variation within RHA subsets. In this work, data subsets were 
created based on RHA, thus RHA generally was unimportant for variability among 
herds in a subset. This is not to say that RHA is not an important contributor to 
variability among DHIA herds; instead, this study was designed to identify important 
variability sources in addition to RHA. Other sources that contributed greatly to 
variability included calving interval, days open, services per conception, percentage 
cows open >120 d, percentage cows bred >3 times, percentage cows with SCS >4-
5, and percentage cows with SCS >5. Moreover, principle components derived in 
this study explained as much as 96% of variability for herd profit score. 
Second, the amount of variation described by comparable factors for RHA 
subsets was quite consistent, suggesting that opportunities for management 
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improvement are similar regardless of herd milk yield. However, it should be noted 
that these analyses did not study causes for variability sources, and biological 
causes may differ among herds in different production subsets. 
Principle components and factor analysis may be unique methods for 
assessing and interpreting DHIA data that typically includes many correlated 
variables for which traditional analysis may be inappropriate. 
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Table 1. Number of herds and ranges of RHA from data sets 1 and 2. 
Data set 1 
n 
Data set 2 
n 
Range for rolling herd 
average milk subsets, kg 
103 116 < 5,448 
369 281 5,448-6,810 
873 667 6,810-7,718 
2,512 2,159 7,718-9,080 
2,393 2,181 > 9,080 
6,250 5,404 Total 
Table 2. Breeding, livestock, fixed, and labor costs used to compute profit 
score for data subsets. 
Data subset, 
rolling herd 
average milk, 
kg 
Breeding 
costs^ 
Livestock 
costs^ 
Fixed 
costs^ 15 4*. 
I 
Operating 
interest^ 
$/cow/year 
< 5,448 12 399.00 390.80 360 102.32 
5,448-6,810 15 430.25 439.38 390 119.41 
6,810-7,718 17.50 463.06 467.16 400 127.12 
7,718-9,080 19 506.75 496.01 420 133.72 
> 9,080 23.50 562.32 563.30 420 146.44 
^ Breeding costs included: AI unit costs plus associated fees 
^ Livestock costs included: milk marketing, veterinary costs, fuel 
and repairs, DHIA fees, and bedding. 
^ Fixed costs included: machinery, equipment, facilities, interest 
and insurance on herd. 
* Unpaid and paid family labor costs were $6/hr. 
s Operating interest based on 11% annual rate 
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Table 3. Mean, standard deviation, minimum, and maximum values of DHIA 
herd performance measures after editing for data set 1. (No. herds - 6,250) 
DHIA measure Mean SD Minimum Maximum 
Age at first calving, mo 27.11 2.68 21 46 
Rolling herd average, kg 8,811.61 1,275.35 4,705 13,870 
Calving interval, d 407.61 22.73 325 499 
Days open 134.27 34.23 47 400 
Days in milk 344.29 23.29 264 447 
Services per conception, no. 1.76 0.39 1.1 3.9 
% cows with SCS 4-5 12.79 3.58 3.0 28.0 
% cows with SCS > 5 18.06 7.87 1.0 63.0 
% cows culled 36.63 12.72 0.0 98.0 
% cows bred > 3x 7.30 6.96 0.0 52.0 
% cows in first lactation 33.79 9.69 2.38 82.9 
% cows open >120 d 47.30 15.64 6.0 100.0 
% cows dry < 40 d 11.42 11.44 0.0 79.0 
% cows dry > 70 d 25.91 14.25 1.0 79.0 
Table 4. Mean, standard deviation, minimum, and maximum values of DHIA herd 
performance measures after editing for data set 2. (No. herds - 5,404) 
DHIA measure Mean SD Minimum Maximum 
Age at first calving, mo 27.12 2.65 21 50 
Rolling herd average, kg 8,853.77 1,274.60 4,571 14,440 
Calving interval, d 410.66 26.35 329 499 
Days open 131.61 24.51 37 407 
Days in milk 342.58 27.90 280 400 
Services per conception, no. 1.81 0.43 1.1 4.0 
% cows with SCS 4-5 12.46 3.51 1.0 27.0 
% cows with SCS > 5 17.67 7.66 1.0 58.0 
% cows culled 37.97 14.34 0.0 89.8 
% cows bred > 3x 11.97 8.65 0.0 75.0 
% cows in first lactation 34.96 9.38 1.0 88.0 
% cows open >120 d 45.55 15.87 0.0 90.0 
% cows dry < 40 d 11.20 11.29 0.0 84.0 
% cows dry > 70 d 25.27 13.99 1.0 78.0 
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Table 5. Correlation coefficients of profit score and DHIA herds measures. Data set 1 
(No. herds = 6,250) above diagonal, data set 2 (No. herds = 5,404) below diagonal. 
1 2 3 4 5 6 7 8 
(1 )Profit score 1.00 -0.36* 0.72* -0.15* -0 14* -0.05* 0 03+ -0.20* 
(2)Age at first calving -0.37* 1.00 -0.21* 0.22* 0 05* 0.01 0 01 0.13* 
(3)Rolling herd ave. 0.69* -0.23* 1.00 -0.10* -0 15* 0.37* 0 15* -0.34* 
(4)Calving interval -0.11* 0.18* -0.08* 1.00 0 94* 0.07* 0 16* 0.18* 
(5)Days open -0.11* 0.17* C
M 9 0.95* 1 00 -0.01 -0 06* 0.14* 
(6)Days in milk -0.03* 0.00 0.39* 0.12* 0 12* 1.00 0 09* -0.00 
(7)Services per conception 0.01 -0.01 0.15* 0.35* 0 03+ O d 1 00 -0.02 
(8)% cows with SCS 4-5 -0.22* 0.13* -0.34* 0.14* 0 13* -0.04* -0 00 1.00 
(9)% cows with SCS > 5 -0.22* 0.17* -0.33* 0.15* 0 14* -0.03* -0 02 0.64* 
(10)% cows culled -0.48* -0.09* 0.19* -0.03+ -0 04* 0.17* 0 03+ -0.10* 
(11)% cows bred >3x 0.01 -0.02 0.13* 0.33* 0 08* 0.09* 0 86* 0.00 
(12)% cows in first lactation -0.00 -0.08* 0.24* 0.04* 0 03* 0.26* 0 06* -0.19* 
(13)% cows open >120 d -0.18* 0.12* -0.21* 0.83* 0 83* 0.10* 0 03* 0.09* 
(14)% cows dry < 40 d 0.02 0.07 -0.09* 0.12* 0 12* 0.20* -0 05 0.17* 
(15)% cows dry > 70 d -0.25* 0.07 -0.27* 0.06* 0 02 -0.50* -0 11* 0.04* 
Table 5. continued 
9 10 11 12 13 14 15 
(1)Profit score -0.22* -0.45* 0.03+ -0.01 -0.14* 0.01 -0.25* 
(2)Age at first calving 0.15* -0.06* 0.01 -0.07* 0.11* 0.06* 0.06* 
(3)Rolling herd ave. -0.34* 0.18* 0.15* 0.26* -0.15* -0.10* -0.30* 
(4)Calving interval 0.21* -0.00 0.17* 0.06* 0.69* 0.11* 0.17* 
(5)Days open 0.20* -0.00 -0.18* -0.04* 0.89* O
 
CD 0.14* 
(6)Days in milk -0.03* 0.17* 0.09* 0.27* 0.00 0.24* -0.53* 
(7)Services per conception 0.02+ 0.03* 0.75* o d 0.02 -0.06* -0.08* 
(8)% cows with SCS 4-5 0.61* -0.07* -0.02* -0.18* 0.16* 0.17* 0.05* 
(9)% cows with SCS > 5 1.00 -0.02 -0.02+ -C.16* 0.22* 0.22* 0.08* 
(10)% cows culled -0.06* 1.00 0.02+ 0.29* -0.00 -0.01 -0.02+ 
(11 )% cows bred >3x -0.01* 0.01 1.00 0.11* -0.077* -0.07* -0.07* 
(12)% cows In first lactation -0.17* 0.31* 0.08* 1.00 -0.01 -0.03* -0.08* 
(13)% cows open >120 d 0.09* -0.02 0.07* 0.03* 1.00 0.17* 0.17* 
(14)% cows dry < 40 d 0.21* -0.02+ -0.03* -0.01 0.06* 1.00 -0.20* 
(15)% cows dry > 70 d 0.07* -0.04* -0.09* -0.09* 0.02 -0.20* 1.00 
+ P<0.10 
* P<0.05 
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Table 6. Principal components (PC1-PC14) and proportion of total variance 
explained for subsets from data set 1. 
Principal Range for rolling herd average milk subsets, kg 
components <5,448 5,448-6,810 6,810-7,718 7,718-9,080 >9,080 
—-™ % total variance — 
PC1 26.27 18.87 20.17 20.73 21.86 
PC2 14.97 17.87 18.13 17.77 17.30 
PC3 11.26 10.59 10.31 11.08 11.55 
PC4 8.76 9.75 9.01 9.26 9.60 
PCS 7.75 8.19 8.75 8.63 8.20 
PC6 6.78 7.13 6.99 6.89 7.11 
PC7 6.31 6.72 6.74 6.28 5.68 
PC8 5.94 6.05 5.32 5.19 5.38 
PC9 4.13 5.19 5.24 5.02 4.85 
PC10 3.70 4.29 4.37 4.74 4.26 
PC11 2.32 3.56 3.36 2.71 2.64 
PC12 1.19 1.21 1.09 1.18 1.09 
PC13 0.38 0.39 0.36 0.34 0.34 
PC14 0.01 0.11 0.09 0.11 0.10 
Table 7. Principal components (PC1-PC14) and proportion of total variance 
explained for subsets from data set 2. 
Principal Range for rolling herd average milk subsets, kg 
components <5,448 5,448-6,810 6,810-7,718 7,718-9,080 >9,080 
% total variance 
PC1 32.52 33.93 34.97 35.03 34.77 
PC2 13.03 12.08 12.74 13.20 13.18 
PC3 11.48 9.65 9.16 9.07 9.49 
PC4 10.31 8.29 8.85 7.90 8.32 
PCS 7.32 7.07 6.97 7.14 7.59 
PC6 6.23 6.65 6.80 6.30 6.01 
PC7 5.49 5.66 5.02 5.86 5.33 
PC8 4.84 5.30 4.81 5.04 5.11 
PC9 3.32 3.85 4.43 4.71 4.66 
PC10 2.55 3.69 3.10 2.77 2.57 
PC11 2.11 2.78 2.47 2.25 2.14 
PC12 0.51 0.62 0.41 0.42 0.49 
PC13 0.18 0.25 0.18 0.21 0.22 
PC14 0.05 0.11 0.02 0.04 0.04 
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Table 8. Factors, DHIA measures included, and percent of variation explained for 
subsets from data set 1. 
Range for rolling herd average milk subsets, kg 
Factors ' ——•— • • " • • 
DHIA Herd measures included < 5,443 5^0" 6$°8~ >9i080 
% of Lacfaf/on /engf/7 yanaf/on 
Factor 1 
CaMng /nfe/va/, Days open, 
% cows open > Y 20 of 
42 38 38 39 45 
Factor 2 
Se/v/ces per concepf/on, 
% cows bred > 3x 33 36 37 38 32 
Factor 3 
% cows d/y > 70 days, 
% cows d/y < 40 days 25 25 24 22 21 
% of Management vanaffon 
Factor 4 
% cows w/fh SCS 4-5, 
% cows w#/? SCS > 5 
40 38 39 40 31 
Factor 5 
Cu// mfe, % cows /n /7rsf /acf. 33 30 31 30 24 
Factor 6 
D/M, af /7rsf caMng 27 29 30 28 23 
Factor 7 (set 5) 
RH4 - - - - 21 
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Table 9. Factor, DHIA measures included, and percent of variation explained for 
subsets from data set 2. 
Range for rolling herd average milk subsets, kg 
Factors 
OHM He/d measures/nc/uded 5,448- 6,810- 7,718-
<5,448 6,810 7J18 9^080 > 9,080 
% of Lacfaf/on /engff) yanaf/on 
Factor 1 
Ca/y/ng /nferva/, Se/v/ces per 
concepf/on, % cows open >720 d, 
% cows bred > 3x, Days open 
70 74 75 77 77 
Factor 2 
% cows d/y > 70 days, 
% cows d/y < 40 days 
30 25 24 22 21 
- - % of Management yanaf/on -
Factor 3 
% cows w/fh SCS 4-5, 
% cows w/fA SCS > 5 
41 39 39 41 32 
Factor 4 
Cu// rafe, % cows /n ^rsf /act. 33 31 32 30 24 
Factor 5 
D/M, )4ge af /7rsf ca/y/ng 25 30 29 29 22 
Factor 6 (set 5) 
RH4 
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Table 10. Principal componentsused in regression analysis subsets of data sets 1 
and 2\ 
Data subset, 
rolling herd 
average milk, kg 
Data set 1 Data set 2 
Principal Components 
PC1, PC2, PC4, PC6, PC7, 
< 5,448 PC8, PC9, PC10, PC11, PC12 
PC1, PC2, PC3, PC4, PCS, PC6, 
PC7, PCS, PC9, PC10, PC11, 
PC12 
5,448 - 6,810 
6,810-7,718 
7,718-9,080 
PC1, PC2, PC3, PC4, PCS, PC6, 
PC7, PC8, PC9, PC10, 
PC14 
PC1, PC2, PC3, PC4, PCS, 
PC6, PC7, PC8, PC9, PC10, 
PC11 
PC1, PC2, PC3, PC4, PCS, 
PC6, PC7, PC8, PC9, PC10, 
PC11, PC14 
PC1, PC2, PC3, PC4, PCS, 
PC6,PC7, PC8, PC9, PC10 
PC1 PC2, PC3, PC4, PCS, PC6, 
PC7, PC8, PC9, PC10 
PC1, PC2, PC3, PC4, PCS, PC6, 
PC8, PC9, PC10, PC14 
s o nan PC1, PC3, PC4, PCS, PC6, PC7, PC1, PC2, PC3, PC4, PCS, PC6, 
y.uou pea PC9, PC10 PC7, PC8, PC10, PC14 
^PC retained when P0.05 
Table 11. Coefficients of determination for regression of important principal 
components on profit score for subsets from data sets 1 and 2\ 
Data subset, 
rolling herd Data set 1 Data set 2 
average milk, kg 
< 5,448 0.95 0.96 
5,448-6,810 0.86 0.78 
6,810-7,718 0.85 0.79 
7,718-9,080 0.76 0.75 
> 9,080 0.78 0.83 
TpC retained when P0.05 
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CHAPTER 3. ECONOMIC VALUES FOR CHANGING BIOLOGICAL MEASURES 
OF DAIRY HERD PERFORMANCE 
A paper to be submitted to the Journal of Dairy Science 
M. Lunak and M. A. Faust 
Abstract 
The objectives of this study were to determine 1 ) relationships of profit score 
with DHIA performance measures and 2) the sensitivity when prices vary of marginal 
economic values of change for biological measures for herd performance measures. 
The data set studied included DHIA performance for 5,404 Holstein herds in 
Wisconsin. Profit score was calculated as the difference between estimated income 
and costs. Simple regression analyses of profit score on individual herd measures 
were performed. Regression coefficients estimated direct and indirect (correlated) 
effects of management for score. For the sensitivity analyses, prices for milk, feed, 
and fixed cost were changed independently to values of ±10, ±15, ±20, and ±25% of 
the base scenario, where prices in the base scenario correspond to prices in dairy 
herd budgets for different milk yield levels and to herd reported milk price. 
Regression coefficients estimated the economic values for changes of performance 
measures on profit score under different pricing scenarios, and were computed 
separately for biological measure-price change combinations. 
Ten of twelve measures had significant (P<0.05) quadratic relationships and 
two measures had only significant linear relationship. Changes in RHA, calving 
interval, percent cows culled, and percent cows open >120 d had largest effect on 
profit score. 
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Regression coefficients for RHA, age at first calving, percent cows with SCS > 
5, and culling rate were sensitive to milk price changes. For an average herd that 
experiences a milk price increase of 25% from the base scenario each additional 
month at first calving reduces profit score $9 per cow per year. These findings can 
be used to develop prediction equations for prioritizing management changes for 
biological performance in dairy herds. 
Introduction 
Profitability is a primary goal of dairy businesses. Milk yield typically has been 
the standard criterion for evaluating the success of dairy business because it is easy 
to measure and interpret, is measured routinely, and to a large degree, is related to 
profitability. For research purposes milk yield has defined success in large number of 
studies (Applemann et al., 1985; Carley and Fletcher, 1986; Cassel et al., 1992;, 
Foster et al., 1988; Goodger et al., 1984; Heald and Estwood, 1988; Keown, 1988; 
Pecsok et al., 1991; Schmidt and Smith, 1986; Smith and Schmidt, 1987). 
Unfortunately, milk yield represents only the income component of profit functions, 
and when the association of milk and income is low, changes in milk yield alone will 
not adequately reflect changes in profit (Zweigbaum et al., 1989; Rosenberg and 
Cowen, 1990). For example, McGilliard et al. (1990) demonstrated that changes in 
milk yield over time did not accurately reflect changes in milk receipts because as 
milk yield increased, the price per kilogram of milk declined due to the negative 
association of milk and fat percentage. Low correlations of milk yield and profit 
indicate that other factors are important for determining profitability of dairy farms. 
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Benchmarking is a traditional approach for evaluating herd and financial 
performance of dairies (Smith, 1995). Benchmarking is based on two key 
assumptions: 1) relationships between profit and other herd performance and 
financial measures are linear, and 2) there is a "one-size-fits-all" solution for 
comparable operations within a geographic region. When the relationships of profit 
with herd measures are linear and when individual benchmarks are independent 
then, indeed, benchmarking can be a useful tool for evaluating herd performance. 
When these relationships are not linear, it is inappropriate to correctly interpret 
benchmarking results because the impact achieved from changing performance for 
an individual measure will vary in relation to current herd perfonnance. Further, 
benchmarking does not provide insight to managers for prioritizing areas for 
improvement. Researchers suggest areas of management that should be monitored 
when progress to improve performance in a herd is to be made (Stokes, 2002) but 
other willingly admit that a major shortcoming of benchmarking is that by setting 
individual performance thresholds, benchmarking does not adequately address the 
overall performance of the herd (Stewart et al., 1994). 
Profitability of a dairy herd represents an integration of several performance 
measures that make up the business. Several researchers concluded that herd 
measures other than milk yield contribute to success for dairy operations, and these 
measures can be determined partially by management policy for the dairy 
(McGilliard et al., 1990; Williams et al., 1987). Their findings indicate that 
associations of these measures and profit are not linear. For example, herd 
performance measures, such as calving interval, days dry, services per conception 
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and percent cows with high somatic cell count are important factors contributing to 
economic returns (Esslemont, 1992; Pecsok et al., 1994; Plaizier et al., 1997). 
Consequently, it is important to consider the impact of all cost and revenue sources 
when determining and evaluating dairy farm profitability, and to a large degree, the 
profitability for dairy businesses is determined by the ability of managers to 
accurately value the income and cost effects of various management decisions as 
they contribute to profitability. Marginal analysis can determine the relative 
importance of various sources of expenses and income. Marginal analysis is used 
primarily to explicate various forms of "optimizing" behavior. The maximum value of 
such a variable is found by identifying a value of the independent variable such that 
either a marginal increase or a marginal decrease from that value causes the value 
of the dependent variable being maximized to fall. Although important in determining 
what actions might potentially increase profit, these analyses typically are not a part 
of financial analyses on dairy farms. 
To better understand contributors to dairy farm profitability, the objectives of 
this study were to determine: 
1) the relationship of profit score with DHIA performance measures and 
2) whether changes in prices of milk, feed, and fixed costs affect marginal values of 
herd performance measures. 
Materials and Methods 
The data used in this study were collected by Ag Source, Verona, Wisconsin, 
processed during January, 1996, and contained 10,263 records from Wisconsin 
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Holstein herds. Herds that deviate extremely from reasonable values may provide 
unwanted bias in the analyses, thus data were edited to exclude potentially biasing 
records. Herds with rolling herd average for milk yield (RHA) of less than 4,540 kg, 
fewer than 25 milking cows, and value of milk per 45.4 kg of less than $9 were 
excluded. Records that reported 0.0 for dry days, age at first calving, days open, 
calving interval, and days in milk were eliminated. Herds that reported mean 
services per conception of 1.0 were excluded from statistical calculations, because it 
was assumed that these herds reported only successful services. After these edits 
the data set contained 5,404 observations. 
Different input prices for milk yield levels and management conditions were 
considered. The RHA levels were defined as: less than 5448 kg, 5448 - 6810 kg, 
6810 - 7710 kg, 7718 - 9080 kg, and more than 9080 kg of milk per cow per year. 
Profit was calculated for herds in each subset as described in Chapter 2 as total 
income minus total variable and fixed costs using equations and assumptions 
defined by Faust and Strawn, 1995. 
Regression analyses 
Multiple regression analysis has been used traditionally to analyze 
relationships between multiple production measures as predictor variables and milk 
yield or profit score, as response variables. This approach has its limitations 
because often a large number of predictor measures are highly interrelated. Highly 
correlated measures in the same multiple regression analysis may cause difficulties 
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for obtaining and interpreting resulting regression coefficients (Tabachnick and 
Fidell, 1983; Tabachnick and Fidell, 2001). 
To address the problem of multi-collinearity for predictor variables, simple 
regression analyses were carried out by PROC GLM (SAS, 1990) for each measure 
separately. Regression coefficients from these analyses can be interpreted to 
represent the dollar value of change in profit score for one unit change in associated 
herd measures (marginal value) and conceptually represent the direct effects of 
performance measures on profit score. Results from these simple regression 
analyses may better represent outcomes of management changes on dairy farms as 
dairy operations are complex businesses where dynamic interactions are likely to 
exist among different areas of management. In practice, it is rarely true that one 
performance measure changes while all other interrelated measures remain 
constant. For example, when producers improve a single measure such as 
increasing RHA, other related performance measure, such as number of cows with 
SCS>5, calving interval, and number of cows bred > 3x do not remain constant. 
Consequently, the true value to dairies of changes in individual herd measures is the 
net effect of direct and indirect (or correlated) change for given measures. Thus, the 
primary objective for using simple regression analyses in this study is to quantify the 
aggregate economic value that can be realized by dairies when individual herd 
performance measure change. These aggregate economic values can be used by 
mangers to prioritize management changes on dairies. 
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Sensitivity analyses 
Sensitivity analyses were conducted to determine whether price changes 
influenced marginal economical values for traits. Simple regression analyses were 
used. Prices for milk, feed, and fixed costs were changed independently by ±10, 
±15, ±20, and ±25% of the base input prices where base input price scenarios 
corresponded to prices obtained from dairy farm budgets for different milk yield 
levels (Table 1). Resulting regression coefficients describe the effects of unit 
changes in input variables per unit of change in profit under the described base and 
alternate price scenarios. T-tests were used to determine the statistical significance 
of differences between regression coefficients obtained using base and alternate 
price scenarios. 
For regression and sensitivity analyses, linear and quadratic terms were 
included in the equation for the model for all independent variables. For measures 
that yielded a quadratic relationship to profit score, the second derivative was 
calculated to determine the level of each performance variable associated with 
highest or lowest profit score. 
Results and Discussion 
Means, standard deviations, and minimum and maximum values for herd 
measures are in Table 2. Means for percentage cows open >120 d and calving 
interval were large (45 percent and 410 days, respectively), while the mean for 
number of services per conception was unexpectedly low (1.81 services) as the 
average of services per conception is 2.4 (Smith, 1990; MN DHIA, 2003). When 
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considered in the context of the corresponding means for these performance 
measures, these results may suggest that edits were not fully effective for 
eliminating data from herds that report only a portion of breedings. Thus, these data 
may underestimate changes over time for certain reproductive measures, such as 
services per conception. 
A correlation analysis was conducted to determine associations between herd 
measures that were studied; coefficients from these analyses are in Table 3. Profit 
score was related highly to RHA (r=0.69). The large association of milk yield and 
profit score may be anticipated because income from milk constitutes the largest 
portion of total revenue included in the profit function. Conversely, in another study, 
the association of milk yield and actual profit was considerably lower (r=0.21) 
(McGilliard et al.,1990). This level of disagreement may be expected because 
McGilliard et al (1990) used actual farm financial records to determine profit, 
whereas in our study actual financial records were not available and profit score was 
estimated. Zweigbaum et al (1989) reported a correlation between milk yield and net 
cash income of 0.16. In their study, net cash income did not include changes in 
inventory for land, livestock, building, feed and depreciation. Other authors reported 
a wide range of correlations between profit and milk yield within a herd. In a study 
reported by Lin and Allaire, (1978) the correlation of profit with milk yield ranged from 
0.35 per lactation for lifetime production, to 0.59 for first lactation cows. Tigges et al. 
1984 reported a correlation of lifetime milk production with profit per day of herd life 
of 0.46 for yield and 0.87 for relative net income which was used to estimate lifetime 
profitability. To a large degree, the size of the correlation coefficient between yield 
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and profit depends on 1) values included in the profit function, 2) whether actual or 
estimated costs and revenue were used, and 3) the units by which profit was 
computed and represented. For example, our study used an across herds data or a 
whole herd approach and others estimated profit per day of herd life for individual 
cows (Lin and Allaire, 1978). 
Associations of several herd measures (percent cows culled, percent cows 
with SCS>5, days in milk, days dry) and profit score were moderate to low, but 
important (Table 3). On the other hand, percent cows in first lactation and number of 
days from calving to first breeding had no association with profit score (P>0.05). 
Correlations indicate that profit score is lower when heifers are older at first calving, 
calving intervals are longer, cows have more days dry, percent cows with SCS >5 is 
larger, percent cows culled is larger, and percent cows open >120 days is larger 
(Table 3). Among herd measures that were studied, other important (P0.05) 
correlations were for days dry and days in milk (r= -0.54), calving interval and 
percent cows open >120 days (r= 0.83), and number of services per conception and 
percent cows bred > 3 times (r= 0.86). 
Regression analyses results 
Regression analyses results are in Table 4. Figure 1, 2, and 3 graphically 
represent results for herd measures. Linear effects were important for all variables 
studied. Important linear and quadratic effects for profit score were identified for ten 
performance measures (RHA, percent cows culled >3 times, calving interval, days 
from breeding to first breeding, days in milk, days dry, services per conception, 
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percent cows bred > 3 times, percent cows in first lactation, and percent cows open 
> 120 days; Figure 1, 2, and 3) and linear effects only for two measures (age at first 
calving and percent cows with SCS>5; Figure 1 and 2). For all measures with 
important quadratic effects, change for profit score is dependent on the starting point 
for herds, and therefore, the importance of individual measures can vary from herd 
to herd. Coefficients from regression analyses (Table 3) represent direct and indirect 
variable effects for profit score. Figures 1, 2, and 3 represent graphically 
relationships of important herd measures to profit score. The largest proportion of 
variation in profit score among herds explained by individual performance herd 
measures was for RHA, percent cows culled, and age at first calving (Table 4). 
Large coefficients of determination for RHA may be anticipated, because milk yield 
is a direct component of profit score and contributes a large portion to net income for 
farms. 
For calving interval, linear and quadratic relationships were identified (Table 
4, Figure 1d). Maximum profit score is achieved for calving intervals of almost 394 
days (Table 4). For calving intervals that are near the optimum a day increase in 
calving interval, from 394 to 395 days, would result in a loss of $0.05 per cow 
annually. However, for herds with calving intervals of 41 Od or 430d an extension of 
one day would decrease profit score by $0.95 and $2.64 per cow per year, 
respectively. Other workers (Reyes et al, 1981; Schmidt, 1988; Olds et al, 1979) 
presumed linear relationship of calving interval and income over feed costs and the 
penalty from increased calving interval ranged from $0.0 (Reyes et al., 1981) to 
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$0.71 per cow per day for first lactation cows and $1.18 per cow per day for second 
or later lactation cows (Olds et al, 1979). 
For days from calving to first breeding an optimum for profit score was 
identified at 66.68 days (Table 4); however, deviations from this optimum had a 
relatively small impact on score (Figure 31). In contrast for percent cows culled, 
greater percentages had a considerably larger detrimental effect on profit score 
(Table 4, Figure 1c). It should be noted that in these simple regression analyses 
independent measures are not held constant and other related factors can influence 
economic values. For example, there was small but significant association of percent 
cows culled with age at first calving, calving interval, days dry, DIM, services per 
conception, and percent cows with SCS >5, and percent cows open > 120 days 
(Table 3); thus, these relationships may have effect for culling decisions. 
Sensitivity analyses results 
Sensitivity analysis from regressions for base and alternate price changes for 
milk, feed, and fixed costs, respectively, for herd measures are summarized in tables 
5, 6, and 7 in Appendix B. Figure 4 graphically represent sensitivity analyses results 
for herd measures with significant changes in regression coefficients for +/- 25% 
change in milk price. 
For all performance measures and analyses, changes in milk prices resulted 
in the greatest differences in regression coefficients from sensitivity analysis. In 
contrast, the smallest differences were from price changes for fixed costs. This 
finding could be anticipated, because milk yield accounts for such a large proportion 
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of the variability for profit score in our study. Furthermore, fixed costs account for the 
lowest portion (16%) of production costs (Iowa Dairy Budget, 1995). 
For results from regression analyses, changes in milk price yielded 
differences for linear coefficients of age at first calving (+25%), RHA (+25%, -25%), 
percent of cows with SCS > 5 (+20%, +25%, -15%, -20%-25%), and for both linear 
and quadratic coefficient for percent cows culled (+20%, +25%, -20%, -25%) (Figure 
4; Tables 5, 6, 7, Appendix B). These sensitivity results indicated that higher milk 
prices create a greater incentive to calve heifers earlier. The marginal value for 
reducing age at first calving by one month was $-45.83 under the base price 
scenario, and was $-54.31 when milk price was 25% higher. Interestingly, when milk 
price was reduced by 25%, the difference between regression coefficients from base 
and alternative scenarios was not different (Figure 4m; Table 5, Appendix B). 
The differences in marginal economic values for percentage of cows with 
SCS > 5 that result from different milk price scenarios suggest that milk quality is the 
most sensitive measure to changes in milk price for all the measures studied. 
Marginal values for this herd measure are different from the base when milk price 
change is as small as 15 percent. Specifically, when milk price is low, there is less 
incentive to reduce the proportion of cows with SCS>5; alternatively with high milk 
prices, large proportions of cows with SCS>5 decrease profit score more rapidly 
(Figure 4o; Table 5, Appendix B). 
However for other herd performance measures, the opportunity to benefit 
from management changes does not differ as prices for milk feed, and fixed costs 
change. Thus, our results suggest that when milk price changes managers should 
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pay close attention to the areas of management that are sensitive to this price 
change (RHA, percent cows with SCS>5, culling rate, and age at first calving). Note, 
it is important to point out that some management decisions, achieving measurable 
management response can not be accomplished rapidly. For example, increasing 
milk yield and reducing age at first calving can not be achieved during short time 
horizons, thus managers must anticipate milk price changes and manage these 
longer terms factors accordingly. On the other hand, management of SCS can be 
accomplished during a relatively short time horizon, and thus offers dairies more 
opportunity for immediate reward in response to milk price changes. 
Summary and Conclusions 
The significance of this chapter was to quantify the relationships of twelve 
herd performance characteristics to profit score using DHIA records. Simple 
regression analyses were used in order to capture aggregate economic values that 
better represents economic response realized by dairies. 
Significant outcomes are: 1) Ten of twelve measures had important quadratic 
relationships with profit score and thus had a clear minima or maxima. Only two herd 
performance measures had liner relationship to profit score. 2) Changes in milk 
prices influence marginal economic values for herd measures most. 
An interpretation of performance measures with linear relationship is a 
straight forward process. Depending on the slope, linear relationship tells us that 
either more or less is better. However, curvilinear relationship is more complex. To 
determine what is best for a herd, knowledge of minima or maxima points, distance 
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from these points, and direction where to go is required. In this study, on farm 
changes in calving interval, RHA, percent cows culled, and percent of cows open 
>120 days influence most estimated profit score and thus they should be considered 
as a priority by managers. 
Results from sensitivity analysis indicate that the marginal economical value 
of percent of cows with SCS>5 change is more sensitive than values for other 
measures to small changes in milk price. 
These findings can be used to develop decision making tools that can serve 
as a guideline for prioritizing management changes for herd performance in dairy 
herds. Such a decision tool would help producers to identify management areas that 
afford the best opportunity for increasing financial success, evaluating cost 
effectiveness of different strategies, and evaluating the profitability of the farm 
enterprise by changing management practices when market prices change. 
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Table 1. Breeding, livestock, fixed, and labor costs used to compute profit 
score for data subsets. 
Data subset, 
rolling herd 
average milk, kg 
Breeding 
costs1 
Livestock 
costs2 
Fixed 
costs3 
Labor 
costs4 
Operating 
interest 
<5,448 12 399.00 390.80 360 102.32 
5,448-6,810 15 430.25 439.38 390 119.41 
6,810-7,718 17.50 463.06 467.16 400 127.12 
7.718-9,080 19 506.75 496.01 420 133.72 
> 9,080 23.50 562.32 563.30 420 146.44 
Breeding costs included: AI unit costs plus associated fees 
^ Livestock costs included: milk marketing, veterinary costs, fuel 
and repairs, DHIA fees, and bedding. 
s Fixed costs included: machinery, equipment, facilities, interest 
and insurance on herd. 
* Unpaid and paid family labor costs were $6/hr. 
^ Operating interest based on 11% annual rate 
Table 2. Means, standard deviations, and minimum and maximum values of 
DHIA herd performance measures after editing. (No. herds = 5,404) 
DHIA measure Mean SD Minimum Maximum 
Profit Score, $ -50.81 284.84 -1380 1267 
Age at first calving, mo 27.12 2.65 21 50 
Rolling herd average, kg 8,853.77 1,274.60 4,571 14,440 
Calving interval, d 410.66 26.35 329 499 
Days in milk 342.58 24.51 280 400 
Services per conception, no 1.81 0.43 1.1 4 
Calving to first breeding, d 91.67 19.83 30 150 
Days dry 62.95 9.49 25 100 
% cows with SCS>5 17.67 7.66 1 58 
% cows culled 37.97 14.34 0 89.79 
% cows bred > 3x 11.97 8.65 0 75 
% cows in first lactation 34.96 9.38 1 88 
% cows open > 120 d 45.55 15.87 0 90 
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Table 3. Correlation coefficients of profit score and DHIA herd performance 
measures. (No. herds = 5,404) 
1 2 3 4 5 6 
(1) Profit score, $/cow 1 00 
(2) Age at first calving, mo. -0 37* 1.00 
(3) Rolling herd ave., kg 0 69* -0.23* 1.00 
(4) Calving interval, d -0 11* 0.18* -0.08* 1 00 
(5) Days dry -0 21* 0.04* -0.20* 0 03** 1.00 
(6) Days in milk -0 03* 0.00 0.39* 0 12* -0.54* 1.00 
(7) Services per conception, no 0 01* -0.00 0.15* 0 35* -0.03** 0.10* 
(8) Calving to first breeding, d -0 01 0.12* -0.02 0 27* 0.26 0.00 
(9) % cows with SCS >5 -0 22* 0.17* -0.33* 0 15* 0.00 -0.03* 
(10) % cows culled -0 48* -0.09* 0.19* -0 03+ -0.01+ 0.17* 
(11) % cows bred > 3x 0 01 -0.01 0.13* 0 33* -0.02+ 0.09* 
(12) % cows in first lactation -0 00 -0.08* 0.24* 0 04* -0.05* 0.26* 
(13) % cows open >120d -0 18* 0.12* -0.21* 0 83* 0.03* 0.10* 
Table 3. continued 
7 8 9 10 11 12 13 
(7) Services per conception, no 1.00 
(8) Calving to first breeding, d -0.09* 1.00 
(9) % cows with SCS >5 -0.02 0.07* 1.00 
(10) % cows culled 0.03+ -0.02 -0.06* 1.00 
(11) % cows bred > 3x 0.86* -0.07* -0.01* 0.01 1.00 
(12) % cows in first lactation 0.06* 0.02+ -0.17* 0.31* 0.08* 1.00 
(13) % cows open >120d 0.03* 0.22* 0.09* -0.02 0.07* 0.03* 1.00 
* p < 0.05 
+ P< 0.10 
Table 4. Coefficients from simple regression analyses to describe profit score. Derivative values depict the 
level at which a herd measure attains minimum or maximum profit score for variables with important 
quadratic effects. (No. herds = 5,404) 
Regression coefficients Standard Error 
DHIA measure Derivative R 
Linear Quadratic Linear Quadratic 
Age of first calving, mo 3 ^5.838* 3 2.047 3 0.110 
Rolling herd average, kg 4,915^ -0.058* 0.0000059* 0.0183 0.000004 0.490 
Calving interval, d 393.62= 22.129* -0.028* 3.077 0.003 0.048 
Days in milk 342.35= 76.275* -0.111* 16.586 0.026 0.072 
Services per conception, no 2.13= 643.949* -151.014* 112.166 28.442 0.028 
Calving to first breeding, d 66.68= 2.534* -0.019* 1.528 0.007 0.042 
Days dry 35.59= 7.148* -0.100* 3.306 0.025 0.073 
% cows with SCS>5 3 -8.314* 3 0.499 3 0.078 
% cows culled 18.96" - 3.064* - 0.082* 1.507 0.019 0.174 
% cows bred > 3x 15.56= 5.519* -0.177* 2.372 0.071 0.022 
% cows In first lactation 32.71= 10.517* -0.161* 2.505 0.035 0.036 
% cows open > 120 d 30.86= 3.846* -0.062* 0.991 0.011 0.042 
1 Differentiated value represents minimum for profit score. 
^ Differentiated value represents maximum for profit score. 
^ Quadratic effects not identified. 
* No minimum or maximum identified. 
" P <  0 . 0 5  
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CALVING INTERVAL, d 
C d 
Figure 1. Relationship of rolling herd average milk (a), age at first calving (b), 
percent cows culled (c), and calving interval (d), and profit score from regression 
analysis. Increasing marginal value for (a); decreasing value for (c) and (d) from 
maximum point of 394 d; constant marginal value for (b). 
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COWS M FAST LACTATION. % 
Figure 2. Relationship of percent cows bred > 3 times (e), percent cows in first 
lactation (f), percent cows with SCS >5 (g), and percent cows open > 120 day (h), 
and profit score from regression analysis. Points of maxima for (e), (f), and (h). 
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Figure 3. Relationship of services per conception (i), days dry (j), days in milk (k), 
days from calving to first breeding (I), and profit score from regression analysis. 
Points of maxima for (i), (j), (k), (I). 
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Figure 4. Relationship of age at first calving (m), rolling herd average milk (n), 
percent cows with SCS >5 (o), percent cows culled (p), and profit score from 
regression sensitivity analyses for base price scenario and milk price change of +/-
25%. 
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CHAPTER 4. CHARACTERIZING THE EFFECT OF CHANGES IN DHIA 
MEASURES ON PROFIT CHANGES IN DAIRY HERDS 
A paper to be submitted to the Journal of Dairy Science 
M. Lunak and M. A. Faust 
Abstract 
The objective of this study was to identify important effects of changes of in 
measures of performance for trends in profit score per cow per year in dairy herds. 
Data were Dairy Herd Improvement records from seven Midwestern states for 1,059 
Holstein herds that had complete data for 5 consecutive years (1992-1996). Initially, 
estimates of yearly change for individual herds were computed for performance 
measures and estimated profit score. Measures included: calving interval; first 
calving age; days dry; days in milk; rolling herd average (RHA); services per 
conception; days to first breeding; and percentages of cows bred > 3X, open >120 
d, in first lactation, dry > 70 d, dry < 40 d, with somatic cell counts > 400,000, and 
culled. To assess changes in performance measures, two different approaches were 
used: 1 ) herds with significant changes and 2) herds with consistent changes over a 
period of time. Based on this classification, the data set was divided into five subsets 
that were defined as herds with: 1) significant increases, 2) significant decreases, 3) 
no significant trend for profit score, 4) consistent increase, and 5) no consistent trend 
for profit score and included 19, 36, 1004, and 70 and 989 herds, respectively. 
Regression analyses were used to determine associations of changes for 
performance measures on changes for profit scores for each data subset. Means for 
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change of profit score in herds with no trend and consistent increases and 
decreases for annual profits were $-2.35, $32.43, and -$164.27 per cow, 
respectively. For herds with important positive regression for score, regression 
analysis indicated no changes in profit score from annual changes in herd 
measures. Only annual changes in days dry and DIM were important to changes in 
score for herds with consistent increase for score. 
Introduction 
It is assumed that the primary concern for farmers is profitability. However, to 
be profitable on average or to improve profitability over time are two different issues. 
With little control over external factors that influence profitability, such as milk or feed 
prices or the cost of borrowed capital, the primary method available to managers for 
influencing farm financial position is to improve herd efficiency through performance. 
During the last few decades researchers were concerned primarily with the 
relationship of herd performances measure changes and milk yield. For example, 
Smith and Schmidt (1987) investigated changes in herd performance measures on 
milk yield for 543 Ohio Holstein herds during a seven-year period. Days dry, services 
per conception, days open, percent cows culled, and age at first calving were not 
important to changes in milk yield but changes in calving interval was associated 
with yield. A study by Stone et al. (1965) evaluated the effects of different 
concentrate feeding programs on milk yield across 688 New York Holstein herds 
during five-year period. Their results indicated that responses in milk yield varied to 
a large degree between years and that the changes were both negative and positive. 
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Stone et al. (1965) also noted that in multiple regression analysis, changing one 
measure while other variables were held constant, does not reflect the true farm 
situation. 
On the other hand, Null (1977) and McGilliard et al. (1990) included financial 
records in their studies to evaluate dairy operations. Null (1977) characterized 
differences between production and financial records and income per operator from 
New York herds. In his study, significant correlations between production variables 
and income per operator were reported. However, this study did not evaluate 
changes in profitability over time. McGilliard et al. (1990) investigated changes in 
production and financial variables and associated changes in net income over 
several years. In their within herd multiple regression analysis, linear and quadratic 
relationship was identified between milk yield and net cash income such that there 
was a clear maximum for milk yield. It was further noted by these authors that 
allowing services per conception, percent cows culled involuntary, age at first 
calving, and percent cows with mastitis to improve the net cash income might 
improve as well. However among herds, differences in milk yield did not accurately 
reflect differences in total receipts. Large financial differences between herds were 
associated with differences in livestock receipts and hired labor and purchased feed 
costs which to some degree, were influenced by farm-gate prices and the economy 
(McGilliard et al. ,1990). 
Results from within and between herd analyses provide different perspective 
for characterizing dairy farm productivity and profitability. For example, within herd 
analyses of associations between production measures, milk yield and financial 
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measures are descriptive only for the management styles employed by these herds 
(McGilliard et al., 1990). On the other hand, comparisons among herds using data 
from a single year the variability represented by a variety of farms employing 
different management strategies (Null, 1977), but results from these single year 
studies do not provide insight for quantifying the magnitude of achievable change for 
individual herds. Within-herd comparisons across time (Stone et al., 1965; Smith and 
Schmidt, 1987; McGilliard et al., 1990) can yield estimates of change in performance 
that herds can achieve, thus signaling opportunities for strategic management 
changes. 
In this study, goals were to identify herds which differed in realizing changes 
for profit score over a five year horizon, and subsequently to characterize those 
herds for performance measures and determine performance changes that were 
associated with respective changes for profit score. 
Material and Methods 
Data were Dairy Herd Improvement records obtained from Mid-States DRPC, 
Ames, IA (now part of DRMS, Raleigh, NC and Ames, IA) for 1,059 Holstein herds 
that had complete data for 5 consecutive years (1992-1996) and were from seven 
Midwestern states (Iowa, Illinois, South Dakota, North Dakota, Nebraska, Kansas, 
and Oklahoma). Profit scores were calculated as described in Lunak and Faust 
(1997); as income less costs estimated from DHIA data. Variable costs included 
breeding, operating interest, feed, and livestock costs (Table 1). Prices for input 
costs used were obtained from Faust and Strawn (1995). Feed costs were estimated 
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by accounting for the costs for energy and protein required for given stages of 
lactation and production (Lunak and Faust, 1997). Fixed costs included depreciation 
and interest for facilities, equipment and machinery, repairs, insurance, and taxes 
(Table 1). It was assumed that prices for feed, breeding, unpaid labor, 
miscellaneous, and fixed costs were different for herds with different rolling herd 
average (RHA) levels. Because computations for profit score used set base prices 
for input costs (Table 1), inflation and yearly price changes were not considered. 
However, for milk price, values reported to DHIA by herds were used, thus yearly 
differences for milk price may have influenced changes and trends in score for 
herds. 
Performance measures included average annual change for: calving interval; 
first calving age; days dry; days in milk; rolling herd average milk; services per 
conception; days to first breeding; and percentages of cows bred > 3X, cows open > 
120 d, cows in first lactation, cows dry > 70 d, cows dry < 40 d, cows with SCS >5, 
and cows culled. Annual differences for all performance measures were computed 
separately for individual herds as differences in performance for the herd for 
adjacent years (1996-1995, 1995-1994, 1994-1993, 1993-1992). In addition, within 
herd regressions of annual profit scores on year were computed. 
Characterization of herd performance measures 
Five subsets of data were created based on profit scores for herds during the 
5 years included in the original data. Subsets were determined as: 1) SIGNIF+ -
herds with an important (P<0.05) positive annual regression for profit score (n=19), 
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2) SIGNIF- - herds with an important negative annual regression for profit score 
(n=36), 3) NOTSIGNIF - herds for which the annual regression for profit score was 
unimportant (n=1004), 4) CONSIST+ - herds with consistent increases in profit score 
for five successive years (n=70), and 5) NOTCONSIST - herds with no consistent 
trend in score for successive years (n=989). A data subset was considered for herds 
with consistent decreases in profit score for successive years, however, no herds 
met this criterion. These subsets were mutually exclusive. None of the CONSIST+ 
herds were included in the "SIGNIF+" herds subsets which indicates that herds could 
make a significant change over the five-year period but none of these herds had 
consistently increasing profit score. 
A significant regression coefficient for profit score may occur as a result of a 
large change in score during a single year out of five, or by smaller changes during 
several years. Whereas, consistent annual changes for profit score indicate positive 
changes in score across all years. For the latter situation, the annual regression 
coefficient trend for profit score may or may not be statistically important. 
The distinction between these two scenarios is important to lenders. For 
example, lenders are most concerned about the ability for the borrower to make loan 
payments on time. Therefore, lenders prefer to work with dairies that are profitable 
consistently, as opposed to those that are profitable on average (Krug, Traer, IA, 
2001, personal communication). Thus, the data subsets, defined in this study 
represent dairies that make profit on average over time (SIGNIF+, SIGNIF-, 
NOTSIGNIF, NOTCONSIST) and herds that increase profit each year (CONSIST+). 
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However, making profit over time can be misleading as the SIGNIF+, SIGNIF-, 
NOTSIGNIF, NOTCONSIST herds contained at least one year of decreasing profit 
Characterization of herd performance 
To better understand and characterize herds with different profit scenarios, 
regression analyses were conducted to determine the impact of changes in herd 
performance measures for changes in profit score. In these analyses, changes for 
herd measures were independent variables and change in profit score was the 
dependent variable. Multiple regression analyses were run for individual herds. The 
regression coefficients derived from the multiple regression (Table 3) represent the 
marginal impact on changes in profit score of the direct effect of given herd 
performance changes. 
Additionally, standardized regression coefficients were computed using 
multiple regression analyses results (Table 3). Resulting regression coefficients 
indicate the marginal economic value for one unit of change in respective herd 
performance measures whereas, standardized regression coefficients indicate the 
marginal economic value of change for one standard deviation of change in 
respective herd measures. Standardized coefficients were computed to better 
compare the relative importance of performance measures for profit score with 
vastly different variances. In addition, to account for different numbers of 
observations in subsets, adjusted coefficients of determination were used to 
compare coefficients from different data subsets. 
98 
Results and Discussion 
Means and standard errors of coefficients for annual regressions from the five 
data subsets are in Table 2. 
The annual change in profit score was significant for SIGNIF+, CONSIST, and 
SIGNIF- herds; most positive for SIGNIF+ ($141.10/cow/year) and the most negative 
(-$164.30/cow/year) for SIGNIF- herds. The annual change in RHA was significant 
for all subset (Table 2). 
The SIGNIF+ subset included 19 herds (Table 2) of which none of these 
herds were present in the CONSIST+ data subset of 70 herds (Table 2). This 
suggests that although these herds made significant positive change in profit score, 
these changes were not consistently positive overtime. In fact, all of the 19 SIGNIF+ 
herds had at least one year when profit score declined, and five herds experienced 
two years of negative changes for profit score. 
This can be documented by the fact that all 70 herds from the CONSIST+ 
subset were included in the NOTSIGNIF subset and not in the SIGNIF+ subset, 
which indicates that none of the CONSIST+ herds realized statistically important 
increase for profit. On the other hand, all 19 herds of the SIGNIF+ subset and all 36 
herds of the SIGNIF- subset were included in the NOTCONSIST subset indicating 
important annual regressions and no consistent trends for these herds over the five-
years period. 
Across data subsets, important annual trends were identified for RHA, days in 
milk, and several reproductive measures (Table 2). For reproductive measures, all 
subsets had important annual regressions for calving interval and percent cows 
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open > 120 d, calving intervals Increased by 4.75 d annually in SIGNIF+ herds and 
by 3.73 d annually in CONSIST+ herds. 
For four of five data subsets, SIGNIF+, CONSIST+, NOTSIGNIF, and 
NOTCONSIST herds, annual regressions for services per conception and percent 
cows bred > 3x (Table 2) were positive and indicated that on average, cows in these 
herds required more breedings annually. In fact, SIGNIF+ herds were characterized 
by the largest annual regressions for services per conception and cows bred > 3x 
(0.06 services per conception and 1.46 %, respectively). On the other hand, 
CONSIST+ herds had the smallest annual regressions for these reproductive 
measures (Table 2). Overall, changes in reproductive measures were larger for 
SIGNIF+ herds as opposed to CONSIST+ herds. Differences between these two 
herd groups may be related to the larger annual increases in RHA realized by 
SIGNIF+ herds (305.5 kg/annually). Specifically, milk yield is a known risk factor for 
disease occurrence such as ketosis, cystic ovaries, and mastitis (Erb, 1987); the 
effects of which can be detrimental for reproduction (Emanuelson and Oltenacu, 
1998). Interestingly, annual increases in RHA for the SIGNIF+ herds were more than 
2x the mean annual regression for the CONSIST+ herds with the second largest 
coefficient for this measure. However, the decrease for fertility traits was 
substantially more similar for these two subsets. 
Annual regressions for days in milk were quite consistent across all subsets. 
It is likely that the difference between the largest and smallest annual regression 
coefficients for measures such as DIM (3.73-4.55 DIM/yr) and calving Interval (3.73-
4.75d/yr) are biologically unimportant (Table 2). 
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Four subsets were characterized by positive regressions for percent cows 
with SCS > 5; largest change was for SIGNIF- herds (1.17%, Table 2). Three 
subsets had important positive changes for percent cows culled. SIGNIF- herds 
annually increased cull rates by 1.81 percentage points during the five year horizon 
of this study (Table 2). 
Change in profit score for SIGNIF+ herds was $141.10/cow/year (Table 2). In 
addition for these herds, the average annual trends were for higher RHA, longer 
calving intervals, larger percent cows open >120d, more days in milk, larger percent 
cows bred >3 times, more services per conception, and fewer days dry and percent 
cows in first lactation. 
Means of regression coefficients and standard errors of annual regressions 
for the 70 CONSIST+ herds are in table 2. Annual change in profit score 
($32.43/cow/year) was important for these herds, although the mean regression 
coefficient was smaller than for SIGNIF+ herds (Table 2). The CONSIST+ herds 
were characterized by important increases for many of the same performance herd 
measures as were identified for SIGNIF+ herds. Percent cow with SCS > 5 was 
unimportant for the SIGNIF+ subset, but increase over time (P<.05) for CONSIST+ 
herds. Conversely, days dry and percent cows in first lactation were unimportant for 
CONSIST+ herds (Table 2). Thus, CONSIST+ had average annual trends for higher 
RHA, longer calving intervals, more days in milk, larger percentage cows open 
>120d, bred >3 times, cows with SCS >5, and more services per conception. 
Decline in profit score (-$164.30/cow/year) was important for the 36 SIGNIF-
herds (Table 2). These SIGNIF- herds were characterized by an important annual 
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declines for RHA, and, unlike CONSIST+ and SIGNIF+ herds, these herds 
experienced important increases for mastitis, calving interval, DIM, days from calving 
to first breeding, and percent cows culled (Table 2). Additionally, the increases for 
days dry, percent cows open >120 d, percent cows in first lactation, and percent 
cows with SCS >5 were largest for this subset. 
Results for the NOTSIGNIF herds were similar to those for NOTCONSIST 
herds; annual changes in profit score were not significant. The NOTSIGNIF and 
NOTCONSIST subsets were characterized by important positive changes in RHA, 
calving interval, calving to first breeding, DIM, services per conception, percent cows 
open >120 d, percent bred >3 time, percent dry <40 d, percent cows with SCS >5, 
and percent cows culled. Interestingly, NOTSIGNIF herds contained all 70 herds in 
the CONSIST+ subset and NOTCONSIST herds contained all herds of the SIGNIF-
and the SIGNIF+ subsets. 
Regression analysis results 
Coefficients from multiple regression analyses describing relationships 
between annual changes for performance measures and profit score are in Table 3. 
These coefficients derived from multiple regression represent partial correlations and 
such, are indicative of direct effects only of herd performance effects. Standardized 
regression coefficients can be used to compare the relative impact on profit score 
changes for performance measures with differing standard deviations (Table 3). 
For SIGNIF+ herds there were no important relationships of annual changes 
in herd performance for profit score changes (Table 3). This could be due to the fact 
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that this subset includes only 19 herds. For CONSIST+ herds two performance 
measures, (days dry and days in milk) were important (P<0.05) for annual profit 
score changes (Table 3). Furthermore, although these subsets had large positive 
annual changes for RHA, changes for this variable were not associated with 
marginal changes in profit score across herds (Table 3). These findings suggest that 
large annual changes in milk yield do not guarantee a significant change in profit 
score for herds that show positive consistent or significant trends in profit score. 
For NOTSIGNIF herds, variability in annual changes for nine performance 
measures (age at first calving, RHA, calving interval, days dry, days in milk, percent 
cow in first lactation, percent cows open, percent cows culled and percent cows with 
SCS >5) explained important variability for trends in profit score (Table 3). 
For the NOTCONSIST subsets, ten of the fourteen performance measures 
explained important variability for changes in profit score (P<0.05), but for many 
variables, the size of the effects differed from results for the NOTSIGNIF subset 
(Table 3). For example, changes for days dry, days in milk, and age at first calving 
were positively associated with trends in profit score for NOTCONSIST herds and 
negatively associated for NOTSIGNIF herds (Table 3). The largest absolute impact 
on marginal economic changes in profit score for NOTCONSIST herds was from 
services per conception ($8.41). 
Across all data subsets, the regression model used for the analysis explained 
27% to 62% variation in profit score changes across the subsets (Table 3); the 
smallest R^ was for SIGNIF+ herds (27%) (Table 3). 
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Summary and Conclusions 
Of 1059 herds, nineteen herds had important positive regression for score 
and 70 herds indicated consistent increasing trend in profit score over a horizon of 
five years. However, the important positive regression can be misleading as all these 
herds contained at least one year of decreasing profit. Majority of the herds did not 
show any trend. 
One important outcome is that positive changes in RHA are not necessary 
indicators of financial success. Annual regression changes in RHA were important 
for all profit score trend subgroups. The largest positive changes in RHA were for 
herds with significant and consistent increase in profit but did not have important 
effect on changes in profit score. These results indicate that positive changes in 
profit for these two subsets are not coupled with annual positive increases in milk 
yield. 
Another notable result is that all subsets exhibited important annual 
regression changes in several reproductive measures. The most important were 
service per conception, followed by percent cows open >120 days and percent 
cows bred > 3 times. Interestingly, these changes did not affect changes for score in 
all subsets. On the other hand, some of the herd measures did not show important 
yearly changes, such as days dry, but these changes were important for changes in 
profit score. Opposite relationship were found with other herd measures, such as 
RHA. This would suggest that different sensitivity of changes for herd measures for 
profit score changes exists and that although these changes are relatively small 
managers should not ignored them . 
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Table 1. Breeding, livestock, fixed, and labor costs used to compute profit 
score. 
Rolling herd Breeding Livestock Fixed Labor Operating 
average m,Ik, costsia costs2 costs3 costs4 inHteres,5ti 
kg 
i™ $ZcowZy©cS f 
<5,448 12 399.00 390.80 360 102.32 
5,448-6,810 15 430.25 439.38 390 119.41 
6,810-7,718 17.50 463.06 467.16 400 127.12 
7,718-9,080 19 506.75 496.01 420 133.72 
> 9,080 23.50 562.32 563.30 420 146.44 
^ Breeding costs included: AI unit costs plus associated fees 
^ Livestock costs included: milk marketing, veterinary costs, fuel 
and repairs, DHIA fees, and bedding. 
^ Fixed costs included: machinery, equipment, facilities, interest 
and insurance on herd. 
* Unpaid and paid family labor costs were $6/hr. 
s Operating interest based on 11% annual rate 
Table 2. Mean annual regression coefficients and associated SEM for profit score and management measures 
for herds with important positive, negative, and unimportant regressions for profit score, and herds with 
consistent increases and no consistent trends for profit score. 
Data subsets 
Profit score and DHIA 
measures 
Significant positive 
regressions for 
score (n=19) 
Consistent 
increases for score 
(n=70) 
Significant negative 
regressions for 
score (n=36) 
No significant 
regressions for 
score (n=1004) 
No consistent 
trends for score 
(n=989) 
Mean SEM of Mean SEM of Mean SEMof Mean SEM of Mean SEM of 
regr. 
coeff. 
regr. 
coeff. 
regr. 
coeff. 
regr. 
coeff. 
regr. 
coeff. 
regr. 
coeff. 
regr. 
coeff. 
regr. 
coeff. 
regr. 
coeff. 
regr. 
coeff. 
Profit score, $/cow/yr 141.10* 26.25 32.43* 12.95 -164.30* 17.95 3.16 3.25 -2.35 3.33 
Rolling herd average, kg/yr 305.50* 110.61 147.40* 39.68 -212.10* 55.66 60.11* 11.12 48.74* 11.33 
Days in milk, d/yr 4.55* 1.35 3.42* 0.81 3.80** 1.21 3.56* 0.23 3.59* 0.24 
Age at first calving, mo/yr -0.09 0.14 -0.13 0.12 0.28+ 0.15 -0.02 0.02 0.002 0.02 
Calving interval, d/yr 4.75* 1.44 3.73* 0.83 4.15* 1.13 3.90* 0.23 3.93* 0.23 
Services per conception 0.06* 0.02 0.05* 0.01 0.007 0.02 0.02* 0.003 0.02* 0.003 
Calving to first breeding, d/yr 0.12 0.75 0.37 0.53 2.89* 0.89 1.41* 0.14 1.51* 0.15 
% cows bred > 3x, %/yr 1.46* 0.61 1.04* 0.36 -0.04 0.50 0.64* 0.10 0.60* 0.10 
% cows open > 120d, %/yr 1.81* 0.61 1.15* 0.37 2.31* 0.56 1.45* 0.10 1.51* 0.11 
% cows with SCS > 5, %/yr -0.08 0.57 0.89* 0.32 1.17* 0.52 0.93* 0.10 0.92* 0.09 
% cows culled, %/yr 0.49 0.98 -0.10 0.47 1.81* 0.69 0.72* 0.12 0.81* 0.12 
% cows in first lactation, %/yr - 2.38* 0.50 0.35 0.28 1.66* 0.44 -0.05 0.08 -0.06 0.08 
Days dry, d/yr - 1.01* 0.65 0.03 0.31 1.09* 0.49 0.10 0.08 0.12 0.08 
% cows dry > 70d, %/yr - 1.22 0.84 0.22 0.48 1.25+ 0.72 0.26+ 0.13 0.27+ 0.13 
% cows dry < 40d, %/yr 0.83+ 0.47 - 0.005 0.33 0.16 0.45 0.24* 0.10 0.27* 0.10 
* P<0.05 
+ P<0.10 
Table 3. Marginal economic regression coefficients and standardized regression coefficients describing 
relationships of profit score and annual changes for performance measures for herds with important positive, 
negative, and unimportant regressions for profit score, and herds with consistent increases and no consistent 
trends for profit score. 
Data subsets 
DHIA measures 
Significant positive 
regressions for 
score (n=19) 
R=«g = 0.272 
Consistent 
increases for score 
(n=70) 
R%* = 0.626 
Significant negative 
regressions for 
score (n=36) 
R=*H = 0.423 
No significant 
regressions for 
score (n=1004) 
R2adj = 0.494 
No consistent 
trends for score 
(n=989) 
R=*,l = 0.493 
Regr. 
coeff. 
Stand, 
regr. 
coeff. 
Regr. 
coeff. 
Stand, 
regr. 
coeff. 
Regr. 
coeff. 
Stand, 
regr. 
coeff. 
Regr. 
coeff. 
Stand, 
regr. 
coeff. 
Regr. 
coeff. 
Stand, 
regr. 
coeff. 
Rolling herd average, kg/yr 0.016 0.831 -0.004 -0.146 0.375* 0.926 0.186* 0.527 -0.002* -0.082 
Days in milk, d/yr -0.311 -0.191 1.156" 0.989 9.679 0.628 -2.254* -0.168 0.418* 0.398 
Age at first calving, mo/yr -1.504 -0.200 1.076 0.087 -27.519 -0.215 -24.849* -0.188 0.725* 0.071 
Calving interval, d/yr -0.081 -0.973 0.020+ 0.236 -8.185+ -0.644 1.320* 0.103 0.007* 0.098 
Services per conception 38.309 0.452 17.560 0.260 -735.640+ -0.714 -23.018 -0.026 8.413* 0.120 
Calving to first breeding, d/yr 2.004 1.013 -0.046 -0.022 2.733+ 0.140 0.570 0.027 0.361* 0.222 
% cows bred > 3x, %/yr 0.497 0.203 -78.460 -0.377 14.252 0.427 0.902 0.031 0.291* 0.125 
% cows open > 120d, %/yr -0.265 -0.143 -23.195 -0.090 -14.502+ -0.511 1.989* 0.073 0.136* 0.064 
% cows with SCS > 5, %/yr -0.183 -0.102 -14.795 -0.057 7.241 0.288 -3.817* -0.130 0.064 0.028 
% cows culled, %/yr -0.363 -0.202 -20.398 -0.126 -1.676 -0.080 2.548* 0.111 -0.005 -0.002 
% cows in first lactation, %/yr -1.341 -0.539 9.945 0.029 -17.897* -0.441 -14.263* -0.473 0.743* 0.032 
Days dry, d/yr 1.257 0.419 1.420* 0.527 34.955 0.819 -4.650* -0.130 0.412* 0.146 
% cows dry > 70d, %/yr -0.902 -0.639 -14.716 -0.077 -8.839 -0.259 0.064 0.003 -0.055 -0.030 
% cows dry < 40d, %/yr -1.475 -0.493 -0.945 -0.003 8.044 0.249 -2.842 -0.087 0.037 0.014 
* P<0.05 
+ P<0.10 
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CHAPTER 5. GENERAL CONCLUSIONS 
The objective of the second chapter was to express variation in DHIA herd 
performance measures by means of few factors. Large variation among herds would 
indicate an opportunity for change of management strategy. It was shown that three 
independent factors offer room for improvement for most production subsets. 
Notably, of reproductive measures, calving interval, days open, and percent cows 
bred > 3 times contributed to major differences among herds. Also considerable 
variation among herds for percent cows with SCS 4-5 and cows with SCS >5 
suggests that management practices for mastitis prevention differ from farm to farm. 
Regression analysis results in chapter 3 further indicate that a slight decrease in the 
number of cows with mastitis offer substantial financial rewards. 
The goal of chapter 3 was two fold. First, to determine the relationship of 
DHIA performance measures to profit score and, second, to determine which 
performance measures are sensitive to market price changes. Simple regression 
analyses were used. It was determined that 1) not all measures had linear 
relationships to profit score, 2) for measures with quadratic relationship to profit 
score change in profit score would depend on herd's starting point for respective 
measure, and 3) milk yield was not the only measure that significantly impacted 
profit score. 
Sensitivity analysis indicated that several of the performance measures were 
sensitive to milk price changes. The important changes in regression coefficients 
suggest that producers need to consider economic conditions when assessing the 
importance of different management changes. 
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The fourth chapter focused on importance of changes of profit score and herd 
measures over time for different profit score trend herds. Changes in milk yield were 
not associated with changes in profit score for herds that either significantly (P0.05) 
or consistently increase profit over time. Rather, it was shown that for these herd 
average annual changes in reproductive measures had more important effect on 
changes in profit score. On the other hand, increase in percent cows culled caused 
larger losses on profit score. 
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APPENDIX A 
Table 1. Means and standard deviations of DHIA herd performance measures after editing for subsets for data set 1, 
chapter 2. 
DHIA measure 
Range for rolling herd average milk subsets, kg 
<5,448 
(n = 103) 
5,448-8,810 
(n = 369) 
6,810-7,718 
(n = 873) 
7,718-9,080 
(n = 2,512) 
> 9,080 
(n = 2,393) 
Mean SD Mean SD Mean SD Mean SD Mean SD 
Age at first calving, mo 27.03 3.06 28.73 3.85 28.14 3.27 27.24 2.61 26.44 2.07 
Rolling herd average, kg 5,120.89 198.13 6,312.51 369.38 7,339.62 258.63 8,469.27 377.75 9,991.01 769.87 
Calving Interval, d 397.10 30.41 417.35 29.14 411.10 26.11 407.55 22.45 405.57 20.14 
Days open 149.56 37.63 164.62 48.20 153.19 47.62 143.75 43.83 136.80 38.85 
Days In milk 329.30 25.37 348.37 30.81 345.72 27.52 343.79 22.77 344.06 20.87 
Services per conception, no. 1.57 0.38 1.64 0.43 1.68 0.41 1.74 0.39 1.82 0.37 
% cows with SCS 4-5 15.40 4.84 15.67 3.76 14.45 3.66 13.06 3.49 11.62 3.08 
% cows with SCS > 5 24.96 11.53 25.21 10.40 21.91 8.89 18.33 7.46 15.60 6.17 
% cows culled 27.11 15.85 32.71 14.89 34.61 13.57 36.18 12.29 38.35 12.19 
% cows bred > 3x 4.46 5.18 5.20 7.07 5.82 6.86 6.83 6.90 8.53 6.84 
% cows in first lactation 29.46 16.09 28.07 11.04 30.79 10.08 33.18 9.64 36.14 8.58 
% cows open > 120 d 46.40 13.65 55.06 16.56 51.07 16.61 47.54 15.69 44.87 14.58 
% cows dry < 40 d 18.96 12.77 15.41 13.26 13.64 12.52 11.15 10.97 10.37 11.02 
% cows dry > 70 d 34.60 14.55 35.77 16.03 31.51 15.30 26.46 13.79 22.21 12.71 
Table 2. Means and standard deviations of DHIA herd performance measures after editing for subsets for data set 2, 
chapter2. 
DHIA measure <5,448 (n=116) 
Range for rolling herd average milk subsets, kg 
5,448-8,810 
(n=281) 
6,810-7,718 
(n=667) 
7,718-9,080 
(n=2,159) 
> 9,080 
(n=2,181) 
Mean SD Mean SD Mean SD Mean SD Mean SD 
Age at first calving, mo 27.15 3.01 28.73 3.61 28.14 3.22 27.32 2.64 26.47 2.10 
Rolling herd average, kg 5,102.51 252.49 6,338.24 369.38 7,329.14 249.42 8,468.61 379.04 9,994.92 759.14 
Calving interval, d 400.79 31.99 414.04 34.62 409.74 29.18 409.70 26.50 409.28 24.04 
Days open 122.12 34.63 135.37 34.61 131.51 29.05 131.63 26.21 131.37 24.49 
Days in milk 333.20 35.56 364.37 36.35 344.70 31.99 346.22 27.65 347.86 25.47 
Services per conception, no. 1.44 0.35 1.62 0.43 1.69 0.42 1.78 0.44 1.86 0.41 
% cows with SCS 4-5 15.83 4.25 15.21 3.82 13.82 3.76 12.83 3.40 11.36 3.04 
% cows with SCS > 5 22.43 9.82 24.01 9.76 21.00 8.91 18.36 7.38 15.35 6.25 
% cows culled 26.91 16.37 32.40 14.50 36.06 13.82 37.27 11.94 39.11 11.82 
% cows bred > 3x 3.41 5.64 5.84 8.93 6.54 8.19 8.46 8.82 9.86 8.40 
% cows In first lactation 32.74 14.92 28.72 10.43 32.39 10.31 34.07 9.08 37.25 8.43 
% cows open > 120 d 41.71 19.44 45.58 18.47 45.31 17.70 45.51 15.69 45.73 15.09 
% cows dry < 40 d 16.46 12.70 15.51 13.31 12.90 11.50 11.05 10.83 10.28 11.20 
% cows dry > 70 d 32.61 17.89 34.75 15.01 30.46 15.55 26.08 13.39 21.87 12.75 
Table 3. Standardized regression coefficients for principal component regression analysis on profit score. 
Subsets for data set 1, chapter 2. 
Range for rolling herd average milk subsets, kg 
Principal < 5,448 5,448- 6,810 6,810- 7,718 7,718- 9,080 > 9,080 
component Regr. p Regr. p Regr. p Regr. p Regr. p 
coeff. coeff. coeff. coeff. coeff. 
PC1 -0.125 0.0001 0.047 0.0001 0.099 0.0001 -0.017 0.0033 -0.046 0.0001 
PC2 -0.058 0.0009 -0.261 0.0013 -0.179 0.0001 -0.182 0.0001 0.006 0.4993 
PC3 0.002 0.8673 -0.158 0.0001 -0.226 0.0001 -0.115 0.0001 0.023 0.0076 
PC4 -0.035 0.0399 -0.070 0.0001 -0.063 0.0001 -0.332 0.0001 -0.217 0.0001 
PC5 0.015 0.3780 -0.514 0.0001 -0.566 0.0001 -0.410 0.0001 -0.491 0.0001 
PC6 -0.498 0.0001 0.328 0.0001 0.400 0.0001 -0.536 0.0001 0.538 0.0001 
PC7 -0.369 0.0001 -0.406 0.0001 -0.054 0.0001 0.050 0.0001 0.156 0.0001 
PC8 0.127 0.0001 -0.260 0.0001 -0.429 0.0001 -0.294 0.0001 0.332 0.0001 
PC9 -0.447 0.0001 0.321 0.0001 -0.159 0.0001 -0.080 0.0001 -0.188 0.0001 
PC10 0.191 0.0001 -0.206 0.0001 0.202 0.0001 0.195 0.0001 0.056 0.0001 
PC11 0.535 0.0001 0.009 0.5390 -0.091 0.0001 -0.025 0.0023 0.013 0.1274 
PC12 0.037 0.0309 0.017 0.2373 0.006 0.5404 -0.007 0.3601 -0.001 0.8964 
PC13 0.003 0.8208 -0.006 0.6751 -0.001 0.8791 -0.000 0.9683 -0.003 0.7144 
PC14 0.008 0.6283 0.046 0.0019 0.020 0.0567 0.042 0.0001 0.011 0.1904 
Table 4. Standardized regression coefficients for principal component regression analysis on profit score. 
Subsets for data set 2, chapter 2. 
Range for rolling herd average milk subsets, kg 
Principal <5,448 5,448- 6,810 6,810- 7,718 7,718- 9,080 > 9,080 
component Regr. p Regr. p Regr. p Regr. p Regr. p 
coeff. coeff. coeff. coeff. coeff. 
PC1 -0.051 0.0001 -0.099 0.0005 -0.141 0.0001 -0.112 0.0001 -0.074 0.0001 
PC2 0.266 0.0030 -0.126 0.0001 -0.051 0.0044 -0.035 0.0020 -0.102 0.0001 
PC3 -0.388 0.0001 -0.271 0.0001 -0.308 0.0001 0.216 0.0001 0.073 0.0001 
PC4 0.174 0.0001 -0.365 0.0001 -0.263 0.0001 -0.128 0.0001 0.279 0.0001 
PCS 0.330 0.0001 -0.571 0.0001 -0.551 0.0001 -0.622 0.0001 -0.485 0.0001 
PC6 0.123 0.0001 0.162 0.0001 0.150 0.0001 -0.314 0.0001 -0.514 0.0001 
PC7 0.111 0.0001 0.266 0.0001 -0.196 0.0001 0.018 0.1137 0.147 0.0001 
PC8 -0.205 0.0001 0.295 0.0001 -0.447 0.0001 0.364 0.0001 0.451 0.0001 
PC9 0.604 0.0001 0.135 0.0001 0.173 0.0001 -0.097 0.0001 -0.009 0.2957 
PC10 -0.401 0.0001 -0.135 0.0001 -0.063 0.0005 -0.033 0.0044 0.021 0.0178 
PC11 -0.059 0.0009 0.003 0.9088 0.024 0.1661 -0.004 0.6803 0.015 0.0780 
PC12 0.064 0.0003 0.011 0.6925 -0.006 0.7045 0.020 0.0840 0.012 0.1696 
PC13 0.026 0.1250 -0.031 0.2668 0.005 0.7774 0.017 0.1406 0.001 0.8540 
PC14 0.005 0.7619 0.055 0.0511 0.020 0.2559 0.040 0.0005 0.046 0.0001 
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Table 5. Linear and quadratic regression coefficients for DHIA measures derived 
from regression analysis for base and alternate scenarios for milk price changes. 
Chapter 3. 
_ . , ,  .  B a s e  a n d  a l t e r n a t e  s c e n a r i o s  r e g r e s s i o n  c o e f f i c i e n t s  DHIA measure 
Linear Quadratic Price 
change 
-54.313* 1 +25% 
- 52.618 — +20% 
- 50.923 — +15% 
- 49.228 +10% 
Age at first calving, mo. - 45.838 
- 42.449 
- 40.754 
- 39.059 
-37.362 
0% 
-10% 
-15% 
-20% 
-25% 
0.0194* 0.0000057 +25% 
0.0039 0.0000057 +20% 
-0.0115 0.0000057 +15% 
- 0.0271 0.0000057 +10% 
Rolling herd average, kg - 0.0578 0.0000057 0% 
-0.0891 0.0000057 -10% 
-0.1046 0.0000057 -15% 
-0.1221 0.0000057 -20% 
-0.1355* 0.0000057 -25% 
30.755 -0.038 +25% 
29.030 -0.036 +20% 
27.305 -0.034 +15% 
25.580 -0.032 +10% 
Calving interval, d 22.129 -0.028 0% 
18.167 -0.024 -10% 
16.954 -0.022 -15% 
15.229 -0.020 -20% 
13.504 -0.018 -25% 
Quadratic effects were unimportant. 
* P<0.05, Regression coefficient different from base price scenario coefficient. 
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Table 5. (continued) 
,, „ Base and alternate scenarios regression coefficients DHIA measure 
Linear Quadratic Price 
change 
102.909 -0.149 +25% 
97.582 -0.141 +20% 
92.256 -0.134 +15% 
86.923 -0.126 +10% 
Days in milk, d 76.275 -0.111 0% 
65.622 -0.096 -10% 
60.295 -0.088 -15% 
54.969 -0.081 -20% 
49.642 -0.073 -25% 
869.475 -200.697 +25% 
824.370 -190.760 +20% 
779.265 -180.824 +15% 
734.159 -170.887 +10% 
Service per conception 643.949 -151.014 0% 
553.738 -134.141 -10% 
508.633 -121.204 -15% 
463.528 -111.267 -20% 
418.423 -101.331 -25% 
3.691 -0.027 +25% 
3.459 -0.025 +20% 
3.228 -0.024 +15% 
2.997 -0.022 +10% 
Calving to first breeding, d 2.534 -0.019 0% 
2.072 -0.016 -10% 
1.841 -0.014 -15% 
1.609 -0.012 -20% 
1.378 -0.011 -25% 
* P<0.05, Regression coefficient different from base price scenario coefficient. 
Table 5. (continued) 
Base and alternate scenarios regression 
DHIA measure coefficients 
Linear Quadratic Price 
change 
10.381 -0.138 +25% 
9.736 -0.130 +20% 
9.089 -0.123 +15% 
8.442 -0.115 +10% 
Days dry, d 7.148 -0.100 0% 
5.852 -0.085 -10% 
5.207 -0.077 -15% 
4.561 -0.070 -20% 
3.913 -0.062 -25% 
-11.576* 1 +25% 
- 10.923* — +20% 
-10.271 —- +15% 
-9.619 +10% 
% cows with SCS >5 -8.314 
-7.010 
- 6.358* 
- 5.706* 
- 5.053* 
0% 
-10% 
-15% 
-20% 
-25% 
1.811* -0.129 +25% 
0.836* -0.119 +20% 
-0.138 -0.110 +15% 
-1.114 -0.100 +10% 
% cows culled -3.064 -0.082 0% 
-5.015 -0.063 -10% 
-5.990 -0.054 -15% 
-6.965* -0.044 -20% 
-7.940* -0.035 -25% 
^ Quadratic effects were unimportant. 
* P<0.05, Regression coefficient different from base price scenario coefficient. 
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Table 5. (continued) 
_, „ . Base and alternate scenarios regression coefficients DHIA measure 
Linear Quadratic Price 
change 
7.487 -0.227 +25% 
7.094 -0.217 +20% 
6.700 -0.207 +15% 
6.306 -0.197 +10% 
% cows bred > 3x 5.519 -0.177 0% 
4.731 -0.157 -10% 
4.337 -0.147 -15% 
3.944 -0.137 -20% 
3.550 -0.127 -25% 
17.968 -0.234 +25% 
16.478 -0.220 +20% 
14.988 -0.205 +15% 
13.498 -0.190 +10% 
% cows in first lactation 10.517 -0.160 0% 
7.537 -0.131 -10% 
6.047 -0.116 -15% 
4.557 -0.101 -20% 
3.067 -0.086 -25% 
5.719 -0.084 +25% 
5.345 -0.080 +20% 
4.970 -0.075 +15% 
4.596 -0.071 +10% 
% cows open >120d 3.846 -0.062 0% 
3.097 -0.053 -10% 
2.723 -0.048 -15% 
2.348 -0.044 -20% 
1.973 -0.039 -25% 
* P<0.05, Regression coefficient different from base price scenario coefficient. 
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Table 6. Linear and quadratic regression coefficients for studied DHIA measures 
derived from regression analysis for base and alternate scenarios for feed price 
changes. Chapter 3. 
_ , , , .  B a s e  a n d  a l t e r n a t e  s c e n a r i o s  r e g r e s s i o n  c o e f f i c i e n t s  DHIA measure 
Linear Quadratic Price 
change 
- 44.636 1 +25% 
- 44.877 — +20% 
-45.117 ™ +15% 
- 45.357 — +10% 
Age at first calving, mo. - 45.838 
-46.319 
- 46.559 
— 
0% 
-10% 
-15% 
- 46.800 — -20% 
-47.040 — -25% 
0.0652 0.0000057 +25% 
0.0637 0.0000057 +20% 
-0.0623 0.0000057 +15% 
- 0.0609 0.0000057 +10% 
Rolling herd average, kg - 0.0578 0.0000057 0% 
-0.0552 0.0000059 -10% 
-0.0538 0.0000059 -15% 
-0.0524 0.0000059 -20% 
-0.0510 0.0000059 -25% 
20.459 -0.026 +25% 
20.793 -0.026 +20% 
21.127 -0.027 +15% 
21.461 -0.027 +10% 
Calving interval, d 22.129 -0.028 0% 
22.797 -0.028 -10% 
23.131 -0.029 -15% 
23.465 -0.029 -20% 
23.799 -0.030 -25% 
Quadratic effects were unimportant. 
* P<0.05, Regression coefficient different from base price scenario coefficient. 
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Table 6. (continued) 
DHIA measure Base and alternate scenarios regression coefficients 
Linear Quadratic Price change 
75.194 -0.110 +25% 
75.411 -0.110 +20% 
75.627 -0.110 +15% 
75.843 -0.111 +10% 
Days in milk, d 76.275 -0.111 0% 
76.708 -0.111 -10% 
76.924 -0.112 -15% 
77.141 -0.112 -20% 
77.357 -0.112 -25% 
602.051 -142.971 +25% 
610.431 -144.579 +20% 
618.810 -146.188 +15% 
627.189 -147.796 +10% 
Service per conception, no 643.949 -151.014 0% 
660.708 -154.231 -10% 
669.088 -155.839 -15% 
677.468 -157.448 -20% 
685.847 -159.057 -25% 
2.259 -0.017 +25% 
2.314 -0.018 +20% 
2.369 -0.018 +15% 
2.424 -0.019 +10% 
Calving to first breeding, d 2.534 -0.019 0% 
2.644 -0.019 -10% 
2.699 -0.020 -15% 
2.755 -0.020 -20% 
2.810 -0.021 -25% 
* P<0.05, Regression coefficient different from base price scenario coefficient. 
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Table 6. (continued) 
_ , , , .  B a s e  a n d  a l t e r n a t e  s c e n a r i o  r e g r e s s i o n  c o e f f i c i e n t s  DHIA measure 
Linear Quadratic Price 
change 
6.529 -0.096 +25% 
6.653 -0.097 +20% 
6.777 -0.098 +15% 
6.901 -0.099 +10% 
Days dry, d 7.148 -0.100 0% 
7.396 -0.102 -10% 
7.519 -0.103 -15% 
7.643 -0.104 -20% 
7.767 -0.104 -25% 
-7.734 1 +25% 
- 7.850 — +20% 
- 7.966 +15% 
- 8.082 +10% 
% cows with SCS >5 - 8.314 
-8.541 
0% 
-10% 
- 8.663 -15% 
- 8.779 -20% 
- 8.895 -25% 
-4.083 -0.072 +25% 
-3.879 -0.074 +20% 
-3.675 -0.076 +15% 
-3.471 -0.078 +10% 
% cows culled -3.064 -0.082 0% 
-2.657 -0.086 -10% 
-2.453 -0.088 -15% 
-2.249 -0.089 -20% 
-2.045 -0.091 -25% 
1 Quadratic effects were unimportant. 
* P< 0.05, Regression coefficient different from base price scenario coefficient. 
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Table 6. (continued) 
, , .  B a s e  a n d  a l t e r n a t e  s c e n a r i o  r e g r e s s i o n  c o e f f i c i e n t s  DHIA measure 
Linear Quadratic Price 
change 
4.927 -0.197 +25% 
5.046 -0.169 +20% 
5.164 -0.171 +15% 
5.282 -0.173 +10% 
% cows bred > 3x 5.519 -0.177 0% 
5.755 -0.181 -10% 
5.873 -0.183 -15% 
5.992 -0.185 -20% 
6.110 -0.187 -25% 
8.811 -0.146 +25% 
9.452 -0.149 +20% 
9.494 -0.152 +15% 
9.835 -0.155 +10% 
% cows in first lactation 10.517 -0.160 0% 
11.200 -0.166 -10% 
11.541 -0.169 -15% 
11.883 -0.172 -20% 
12.224 -0.174 -25% 
3.411 -0.600 +25% 
3.498 -0.060 +20% 
3.585 -0.060 +15% 
3.672 -0.061 +10% 
% cows open >120d 3.846 -0.062 0% 
4.021 -0.063 -10% 
4.108 -0.063 -15% 
4.195 -0.064 -20% 
4.282 -0.064 -25% 
* P < 0.05, Regression coefficient different from base price scenario coefficient. 
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Table 7. Linear and quadratic regression coefficients for studied DHIA measures 
derived from regression analysis for base and alternate scenarios for fixed costs 
price changes. Chapter 3. 
_ ,  , ,  A  B a s e  a n d  a l t e r n a t e  s c e n a r i o  r e g r e s s i o n  c o e f f i c i e n t s  DHIA measure " 
Linear Quadratic Price 
change 
- 45.868 1 +25% 
- 45.862 +20% 
- 45.856 +15% 
- 45.850 +10% 
Age at first calving, mo. - 45.838 0% 
- 45.826 -10% 
- 45.820 -15% 
-45.814 -20% 
-45.808 --- -25% 
-0.0821 0.0000061 +25% 
-0.0773 0.0000061 +20% 
-0.0725 0.0000061 +15% 
- 0.0677 0.0000061 +10% 
Rolling herd average, kg - 0.0578 0.0000057 0% 
-0.0485 0.0000055 -10% 
-0.0437 0.0000055 -15% 
-0.0389 0.0000055 -20% 
- 0.0341 0.0000055 -25% 
21.879 -0.037 +25% 
21.929 -0.027 +20% 
21.979 -0.028 +15% 
22.029 -0.028 +10% 
Calving interval, d 22.129 -0.028 0% 
23.230 -0.028 -10% 
22.280 -0.028 -15% 
22.330 -0.028 -20% 
22.380 -0.029 -25% 
i Quadratic effects were unimportant. 
* P < 0.05, Regression coefficient different from base price scenario coefficient. 
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Table 7. (continued) 
r>, ,, » Base and alternate scenarios regression coefficients DHIA measure 
Linear Quadratic Price 
change 
72.740 -0.106 +25% 
73.447 -0.107 +20% 
74.154 -0.108 +15% 
74.861 -0.109 +10% 
Days in milk, d 76.275 -0.111 0% 
77.690 -0.113 -10% 
78.397 -0.114 -15% 
79.104 -0.115 -20% 
79.811 -0.117 -25% 
642.339 -150.762 +25% 
642.925 -150.812 +20% 
643.181 -150.863 +15% 
643.437 -150.913 +10% 
Service per conception, no 643.949 -151.014 0% 
644.461 -151.114 -10% 
644.717 -151.165 -15% 
644.973 -151.215 -20% 
645.229 -151.265 -25% 
2.517 -0.018 +25% 
2.521 -0.019 +20% 
2.524 -0.019 +15% 
2.527 -0.019 +10% 
Days from calving 2.534 -0.019 0% 
to first breeding 2.541 -0.019 -10% 
2.544 -0.019 -15% 
2.548 -0.019 -20% 
2.551 -0.019 -25% 
* P < 0.05, Regression coefficient different from base price scenario coefficient. 
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Table 7. (continued) 
_ ,  , , ,  B a s e  a n d  a l t e r n a t e  s c e n a r i o s  r e g r e s s i o n  c o e f f i c i e n t s  DHIA measure 
Linear Quadratic Price 
change 
6.756 -0.097 +25% 
6.834 -0.098 +20% 
6.913 -0.098 +15% 
6.991 -0.099 +10% 
Days dry, d 7.148 -0.100 0% 
7.305 -0.101 -10% 
7.383 -0.102 -15% 
7.462 -0.103 -20% 
7.540 -0.103 -25% 
- 8.268 1 +25% 
- 8.277 +20% 
- 8.287 +15% 
-8.296 +10% 
% cows with SCS >5 -8.314 
- 8.333 
-8.342 
- 8.352 
- 8.361 
0% 
-10% 
-15% 
-20% 
-25% 
-3.291 -0.079 +25% 
-3.246 -0.080 +20% 
-3.200 -0.080 +15% 
-3.155 -0.082 +10% 
% cows culled -3.064 -0.082 0% 
-2.973 -0.083 -10% 
-2.928 -0.083 -15% 
-2.882 -0.084 -20% 
-2.837 -0.084 -25% 
^ Quadratic effects were unimportant. 
* P < 0.05, Regression coefficient different from base price scenario coefficient. 
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Table 7. (continued) 
. . .  Base and al ternate scenario regression coeff ic ients DHIA measure 
Linear Quadratic Price 
change 
5.553 -0.178 +25% 
5.546 -0.178 +20% 
5.539 -0.178 +15% 
5.533 -0.177 +10% 
% cows bred > 3x 5.519 -0.177 0% 
5.505 -0.176 -10% 
5.498 -0.176 -15% 
5.491 -0.176 -20% 
5.484 -0.176 -25% 
10.288 -0.157 +25% 
10.334 -0.158 +20% 
10.380 -0.158 +15% 
10.426 -0.159 +10% 
% cows in first lactation 10.517 -0.160 0% 
10.609 -0.161 -10% 
10.655 -0.162 -15% 
10.701 -0.163 -20% 
10.747 -0.163 -25% 
3.789 -0.061 +25% 
3.801 -0.061 +20% 
3.812 -0.061 +15% 
3.824 -0.062 +10% 
% cows open >120d 3.846 -0.062 0% 
3.869 -0.062 -10% 
3.881 -0.062 -15% 
3.892 -0.062 -20% 
3.904 -0.032 -25% 
* P < 0.05, Regression coefficient different from base price scenario coefficient. 
